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Each nmo a game is lirnshed. 
press RESET | \) CQMMAND 
is shown on the screen Now 
(a) Select another game 
Or (D| Select another Videopac 

Remove existlng Videopac 
by placing one hand ncxt to 
it and pulling handle 
upwards 

Repiace Videopac in its t»ox 
Retor now to Instructions for 
Use oi the next Videopac 


Or tc) Plug aenai oack mlo TV and 
unplug the Videopac 
Computer trom the mams 


Check procedure 

It you suspect a tautt m the 
equipment tollow this procedure 
iwith a Videopac mstalled) 

Press RESET (,\> The TV will emit 
a sho»t sound and COMMAND 
should appear on your TV screen 
tt not ensure that the equipment is 
set up property as detaded »n the 
Instructions tor Use iboth of the 
equipment. and ot the Videopac 
used| ff the tault remains take 
both the equipment and Videopac 
to your deater 
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History 


Since the dawn of history. man 
has beer- developing methods of 
counlmg calculatmg and storing 
Information Primitive man used 
his fingers bones pebbles and 
shells io eoum and record his 
possessions the phases of the 
moon the passing o» time and 
the changmg of the season As 
his needs grew and his abilities 
evolved he developed more 
sophistlcated calculating methods 
and storage devices Written 
languages were developed 
numbet Systems were created 
and more convenient and mobile 
storage systems evolved from 
drawtng on the walls of caves to 
hieroglyphies on tablets of clay 
and stone and fmally to the stage 
of complex modern languages on 
«he printing press 

The abacus is perhaps the oldest 
known computing device first 
used in China in Ihe Sixth 
' -entury B C In laier years it also 
was used by the Latins and 
Greeks and even today the 
abacus is used in restaurants 
homes and schools 

v\ ^ \ 

• 1 ^ 

By Soventoenth fcentuty the 
use of numbors had increased in 
importance due to great advances 
•n astronomy naviganon and the 
other Sciences It was necessary 
that calculations be more 
accurate and that past information 
be stored and later re evaluated 
io light of new data in the 1830 s 
Charles Babbage designed what 
today we would call a digital 
computer This analyiical engine 
would have been abit* to pertorm 
any anthmetic of logical 
oper3tion It was designed to be 
programmable a computer rather 


than a mere calculator Babbage s 
•dea was to use punched cards 
tor enering data and mstructmg 
the machme with mathematica! 
commands' Though Babbage 
died before the machine could be 
built his elaborate drawtngs 
represent the foresight he had 
mto programmable machmes 

fhough numerous busmess whtch 
could calculate and pript were 
designed and built in the 
Nineteenth Century it was not 
until the 1940 s that electronic 
components were first used to 
buiid computers The first 
generation of electronic 
computers was built with vacuum 
tubes Magnetic drums were used 
for matn storage while external 
storage was on punched cards or 
magnetic tape All programming 
was done in laborious machine 
Inumericl language 

The second generation of 
computers built in the early 
1960 s used transistors mstead of 
vacuum tubes and as a resuit 
were cheaper, faster and more 
reliable While magnetic tubes and 



storage the magnetic drum was 
repiaced by a magnetic core for 
mternal storage High-level or 
source languages such as Cobol 
and Fortran were developed 
along with assembler language to 
make programming easier 

In the earty 1960 s when the 
transistor was repiaced in the 
computer by the monolithic 
integrated Circuit and solid state 
memory was used along with the 
magnetic core a third generation 
of computer technology beaan 
This generation is further 
distmguished from the previous 
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one by the development of 
operatinq Systems complex 
multi programming many more 
high-tevel languages and by the 
reduction ot size cost. ana 
electricai usage 

With advances iri computer 
technology and electronic 
gomponents piugressing rapidly 
the fourth generation ot 
computers began emerging in the 
late 1960 s and earlv 1970 s in the 
late 1960 s Ihe development ot 
large scale mtegration ILSII 
allowed a number ot circuits with 
separate tunctlons to be 
integrated on individual chips 
which were soldered on Circuit 
boards With the adveni of me 
Circuit boards another great 
breakthrougn in computer 
lechnology was experienced 
Now whole computers could be 
assembled easily and 
»nexpens«vety However the LSI 
had one drawback smce each 
Circuit served only a particular 
purpose the LSI lacked flexibility 
Then in the early 1970 s. the 
ane chip microprocessor was 
designed a chip on which 
control mstructions could be 
stored This microprocessor 
contained 2 250 transistors in an 
area barely a sixth of an mch long 
and an eighih ot an inch wide and 
could now be taughi to do any 
number of operalions The 
mtroduction o» this one-chip CPU 
tCentral Processor Uniti has 
made possible the production of 
small inexpensive calculators and 
minicomputers 

Computer technology is 
developmg raoidly Four 
generations o! computer 
evotution nave been experienced 


in less than 40 years and by me 
1S80 s further advancements with 
bubble memones and Josephson 
(unctioris wiil be lakmg place By 
the year 2000 the capabilmes ot 
the computer will have mcreased 
dramatically and it will be 
employed in ways that we are only 
beginnmg to imagine 

The Videopac Computer 

Vour Videopac Computer is a 
fourth generation 
microprocessor Its versatility and 
sophistication make it one ot ihe 
finest of iis kind on the markei 
The Videopac Computer noi only 
offers you hours of enteriainment 
with games such as Basebali 
American Football 
Basketball/Bowiing 
Bace Spm-ouL Space 
Rendezvous Golf Blackiack 
Cosmic Contlict and Air-Sea 
War Battle but also educational 
and instruclional games such as 
Cryptogram Pairs/Logic 
Mathematician.Echo and 
Computer Programming 

This Computer Programming 
Videopac offers you an 
opportumty to introduce 
computer technology to your 
children and also learn about it 
yourselt Computers are fast 
becoming a part of our every day 
world and the Videopac 
Computer can help prepare you 
and your children for the future 

Smce this introductory Computer 
Programming Videopac is jusi 
that. a beginnmg this booklet will 
introduce you to the basic 
Information and factuai 
background which you will need 
to be able to write and implement 
your own programs We begin 


with the generat organization ot a 
computer a detailed expianation 
of its fundamenta! operation with 
defmitions of a register and 
accumulator brnary hexadecimai 
and assembler language We will 
then give a descriptiori of your 
Videopac Computer and the steps 
to follow to create your own 
program 

When studying Computers be 
certam you never qo past a word 
you do not fully understand If the 
materiat becomes confusmg 
Ihere will be a wotd jusi earlier 
that you have not understood 
Don t go any turther go back 
fmd the misunderstood word and 
get it defined A computer 
dictionary will be mvaluable 

You will soon be entering data 
into your Videopac Computer 
kevboard and enjoying the fhrill of 
seeing your own program appear 
on the screen 
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The Fundamentals ot 
Mtcroprocessors 


A microprocessor consists of a 
small number of components 
which execute speofic operations 
•n a sequentiai manner There are 
seven basic components In ali 
microprocessors 

1 input/Output Devices (VQ) 

2 Arithmetic Logic Umt (ALU) 

3 Accumulator 

4 Memory 

5 Location Devices 

6 Control Logic 

7 Bus Lines 


The ACCUMULATOR a workmg 
register |a register is a Circuit 
where data is storedl is a smali 
memory device that provides 
temporary data and^or instruction 
storage for the ALU and may 
store the resuit ot the ALU s 
operation or may be used as an 
operand source tor the ALU iSee 
Figures 3 and 4) 

Besides temporary storage the 
mmroorocessor needs bulk 


The INPUT OUTPUT devic.es are 
known as the l/O ports The input 
device is usually a keyboard 
similar to your Videopac 
Computer keyboard shown in 
Figure t while the Output device 
is usually a video screen ot some 
lype ias in the case ot your 
Videopac Computer the 
leievision screenl or tape It is 
through the Input. Output devices 
ihat you may enter data ana view 
the results 

Within the ARITHMETIC LOGIC 
UNIT jALUt all simple reasonmg 
and arithmetic operatioris are 
pertormed The ALU accepts data 
from two sources tthe 
Accumulator and Memoryl and 
thrs data is called an operand The 
ALU accepts one or both of these 
operands performs arithmetic 
calculations or logicat operations 
based on the opeiandts) then 
outputs one resuit The ALU is 
also known as the number 
cruncher since it is here that the 
various inputs of data are 
synthesized and a solution »s 
reached tSee Figure 21 


the MEMORY component We 
know that our microprocessor is 
,ible to carry out certain tasks m a 
sequential manner This sequence 
ot instructions is called a program 
and is stored in the Memory 
component of the 
microprocessor The program 
requires constants wilh which to 
process data and these also must 
be stored m Memory Thus 
Memory becomes a library of 
Information consistmg of program 
instructions constants and other 
data (See Figure 5) 

The Memory unit of the 
microprocessor is composed ot 
two electromc components - 
ROM and RAM The ROM 
component or Read Only Memory 
is like a book - ii is prlnted at the 
factory and cannot be changed H 
is reterred to as a factory 
programmabte ROM its contents 
cannot be changed It *s in the 
ROM that program instructions 
and constants (repetitive numbers 
roquired tor mathematica! 
computation by the ALU) are 
stored (See Figure 6) 










VIDliCPAC 9 



ONE RESUIT OUT 


ALU 

ARlTHMETiC LOGIC ONU 
PERFORMS AflITHliCTIC 
OPERATlOMS 







[UVOSOURCES 1 

1 


' OF DATA IN 


Figure i 


SX- 

ACCUMUl ATOR 

(AWQRKtNG REGISTEMi 
PROVIDES TEMPCWARV 
DATA STuRAGE 



THE ACCUMULATOR MAV STGRE RESULTSCIf- 
AN OPERAMON OR BE USED AS AN OPERATIO 
ISOORCE OF DATA) FOR AN OPERAT|QN 


Figure 3 


Figure 4 



MEMORY 

STORES PROGRAM, CONSTANTS 
DATA 


o 


ROM 

HE4DONuV MEMORY 
*S PROGRAL-MEO DLiRlNu 
PRODUCTION IT CAN NE VER 
BE ALTERED ONLY RE AD 


Figure 5 


Figure 6 


5 









































































i 


•% 



The second electronic component 
of the Memory unit is RAM or 
Random Access Memory This 
component is like a biackboard 
Data (programs. mstruction sets 
constants) can be entered and 
erased when desired and new 
data entered The RAM may be 
programmed and reprogrammed 
many timos It is this component 
which allows you io write your 
own programs The data you 
enter unlike Ihe program 
mstructions and constants which 
are stored in ROM may be 
changed and therefore is stored 
m RAM (See Figure 7) 

The terms ROM and RAM 
describe the electromc 
components ol the Memory unit 
The Memory unit can also be 
viewed in terms of its functions 
ot which there are two Program 
Memory and Data Memory The 
PROGRAM MEMORY contams the 
addresses of the mstruction sets 
and can send this Information to 
the Instruction Register for 
decoding or to find an address 
(the location of datat in Data 
Memory It *s activiated by the 


Program Counter The DATA 
MEMORY contains the addresses 
of daia stored in Memory snd 
sends this Information to the 
Accumulator or depending on the 
program to other registers It is 
activated by the Data Counter 

The PROGRAM and DATA 
COUNTERS are working registers 
which locate data mquired for by 
the ALU Depending upon the 
nature of the data Ihe Program 
and Data Counters may find the 
necessary data in either the ROM 
or RAM components of Ihe 
Memory unit The microprocessor 
executes a program by findtng a 
senes of mstructions m Its 
Memory Once the mstructions 
are located they are arranged 
and the program is executed in 
the proper sequence which is 
essentia! to the accurate 
operation ot the microprocessor 
T he Program Counter locates and 
identifies each mstruction set and 
advances one step at a time 
keepmg the mstructions in the 
proper sequence (i e Program 
Step * 00 01 02 03 04 etc ) 
When an mstruction requires that 
some data be processed Ihe 
Data Counier locates and 
identifies that daia in Memory and 
points to the address where the 
data is located fSee Figure 8| 

Because daia can be travelling tn 
various directions withm the 
microprocessor. it is necessary to 
have a CONTROL LOGIC 
component 

The Control Logic directs the 
functionmg of ali the other 
components and Controls the 
data flow betwoen them The 
heart of the Control Logic 


component is the INSTRUCTION 
REGISTER Here the binary bits 
(more on these later) that 
compose the mstruction sets are 
decoded and the necessary 
signals to implement the 
instruction are generated (See 
Figure 9l 

The Control Logic is connected to 
all other paris of the 
microprocessor by way of data 
control buses or BUS LINES of 
which there are three The DATA 
BUS transmits data between the 
ALU and Memory the ADDRESS 
BUS transmits addresses ot data 
being accessed by the ALU to 
Memory and the CONTROL BUS 
which is a group of channels used 
for special control purposes (I e 
clearing the registers for resetting 
of microprocessor stopping the 
microprocessor after the 
mstructions have been 
terminatcd. eic ) 

Several of the components 
discussed above compose the 
Central Processing Unit which is 
the heart of the microprocessor 
These components are the ALU 
Accumulator Program and Data 
Counters Control Logic unit and 
Instruction Register 
Figure 10 shows the complete 
microprocessor System as we 
have discussed it You can trace 
the route which data may take by 
followmg the arrows 
We have mentioned registers 
bits and computer language 
durmg our ^xpianation of the 
basic components of the 
microprocessor In the nexi 
chapter we will discuss these 
important aspecls of computer 
Technology m depth 
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The Binary Number System and 
Computer Languages 


We mentioned binary bils in 
Chapter 1 Now we will explain 
what they are m detail and why 
they are so imporiant In relation 
to microprocessors In addition to 
this we will explam whai »s meant 
by computer language and 
discuss the different types - 
binary or machine language 
hexadecimal. and assembter 

Microprocessors perform 
functions accurately and at high 
speed by manipulating symbols 
according to a set of instructions. 
which are stored in the Program 
Memory The operation of the 
microprocessor consists of 
executing the instructions and 
data in sequence Thus, these 
instructions must be m a form 
that the microprocessor can 
understand so both instructions 
and data are written in binary 
number codes or machine 
language In order to understand 
the operation of the 
microprocessor and to be able to 
write your own programs you 
need to be able Io write in 
machine language and to 
understand what is bemg 
represented in the 
microprocessor 

Binary or Machine Language 

Lets first begin with some 
defimtions A number system is a 
set of symbols (digiis) that may 
be operated upon by arilhmeltc 
rules Each Symbol or digit has its 
own name (i e in the decimal 
system. we have 0, 1 2 3. 4. 5 6 
7 8 9) A number system also has 
a set of rules that define how to 
arrange the digits to form 
numbers 


Positional notation allows 

numbers to be written that 
express all quantities. no matter 
how large or small The value of a 
digit depends on its position m 
tne number For example the 
digits of the number 5555 are 
identical yet each has a diflerenl 
value To write 5555 is a short way 
of writing five thousand + hve 
nundred + fifty + five or if you 
wished to express it in tt>e 
powers of 10 you could write 
5 x 10 3 + 5 X KF + 5 x 10' + 

5 x 10° Ten is the base or radix 
of the decimal number system In 
the binary system the radix is 2; 
and in the hexadecimal system 
the radix is 16 

Because the voltage levels in your 
microprocessor can only 
recognize 2 levels - on or oli - 
the binary number system is used 
to encode data within the 
microprocessor The binary 
number system is written with Vs 
and 0 s and as we mentioned 
above has a radix of 2 For 
example. the binary number 
11011 can be written 11011 ? 
Expressed in an equation it looks 
llke this 

11011 ? = 1 x 2* + 1 x 2* + 0 

* 2 ? +• 1 x 2 1 + 1 x 2° 

We now perform those 
mathematical operations expressed 
m the above equation 


2 J = 2x2x2x2 =16 

2 3 = 2X2X2 =8 

2 7 = 2 x 2 =4 

2 i 4 2 =2 

2 ° = 1 = 1 


(You may ask. ’Why does 2° = 
17 There »s a rule in the binary 
number system which States 
Any number not zero ratsed to 
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the zero power is 1 Since 2° = 

2' 2' when written in powers 

and i» two numbers of Ihe same 
base are divided ihe value of the 
power of the number in the 
denominator |ihe number below 
the fraction linet may be 
subtracted from the value o» the 
power of the numerator tthe 
number above the fraction line) 
Thus 2’ 2’ - 2’ 1 - 2 0 = 1 ) 

Now we must place the values of 
the numbers taken to the power 
of 2 and place them in our 
equation 11011 2 = 1 x 16 + 1 
X8 + 0X4 + 1 x2 + 1 x 1 
= 27 

Below is a table listing eleven 
binary numbers and their decimal 
equivalents Note the positional 
notation of the binary numbers 
2 4 2 3 2 2 2’ 2< and their base 10 
equivalents 16, 8 4 2. 1 As a 
shortcut to what we have jusi 
done above you could write 
16 8 4 2 i 
110 11 

and add the values where there is 
a 1 

tn other words 16 + 8 + 2+1 
= 27 


Binary 

2 J 2 3 2 ‘ 2 ' 2° 
16 8 4 2 1 


0 0 0 0 0 
0 0 0 0 1 
0 0 0 10 
0 0 0 11 
0 0 10 0 
0 0 10 1 
0 0 110 
0 0 111 
0 10 0 0 
0 10 0 1 
0 10 10 


Decimal 


0 

1 

2 

3 

4 

5 

6 

7 

8 
9 

10 


The microprocessor is instructed 
what to do by programming it 
with a series of instructions 
(instruction sets to which we have 
previously referred will be 
explained in detaii later) It may be 
programmed by writing a 
sequence of instructions in 
machme language or binary code 
(ones and zeros) Computer 
lerminology refers to digits in the 
binary system as bits a 
contraction of binary and digits 
Thus. In the binary number 11011 
there are five bits A bit is the 
basic unit of Information used in a 
microprocessor Bits are handled 
by the microprocessor in groups 
of eight and this group is cailed a 
byte i» is the smaliest piece of 
data with which the 
microprocessor can work Space 
for data is allocated in the 
registers within the 
microprocessor in 8 biT bytes In 
other words. each register has 8 
spaces in which data can be 
stored The bits in a byte are 
identified by numbermg them 
according to their position 
(power of 2) from 0 to 7 from 
least significant bit (LSB) to most 
significant bit |MSBt thus 


1 Byte 


r 


-1 

_1_L_L_ 

_1_1_1_ 

[7 6 5 

- v*- 

4^3 2 1 0 J 

MSB 


LSB 


As we stated above a 
microprocessor rs instructed what 
to do by programming a 
sequence of instructions »n the 
binary code which the machme 
can directly interpret In the next 
tew examples we shall describe 
do not be confused by the fact 
that you do not understand how 
the binary code is equal to what is 
given in the explanation column 
AII that will become ciear to you 
when we study the instruction 
sets m a later chapter For now 
we are only concerned with binary 
code how it is written and the 
other simpler languages of hex 
(hexadecimal) and assembler As 
for the Program Steps these too 
will be further explained in a later 
chapter bul for now ali you need 
remember is that each 8 bus of 
data require one program step 
For exampte if we were to write a 
program in binary the first few 
steps would look like this 

Program Machlne Explanation 

Step Code 

Number 

00 0110 0000 Load a value 

- into register 

0t 0011 1000 0 the value 

■s 38 

02 0110 0001 Load a value 

-into register 

03 0000 1100 1. the value 

is OC 


By breakmg the group of 8 bits or 
1 byie into two halves we have 
what is cailed in computer 
lerminology 2 mbbles each 
contammg 4 bits 
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Hexadeclmsl Language 

As you can see this type ot 
programmmg is laborious and. 
wiih all those ones and zeros. 
sub|ect to error it a large number 
ot steps are written So the 
hexadecimal language was 
developed It is a more efficient 
way to representany group o< 4 
bits ot machine language code in 
a shorthand tormat Hexadecimal 
is not a code merety a means ot 
replacing 4 consecutive bits by a 
smgle character As we 
mentioned betore tne radix ot 
hexadecimal is 16 In hex notation 
the tirst 10 values are 
represented by the digits 0-9 
and the last slx values by the 
letters A * F Each number or 
letter represents a 4-bit bmary 
number The tabie below shows 
the corresponding values ot the 
decima! hex and bmary number 


systems 

Bmary 

Decima! 

Hexadecimal 

0000 

0 

0 

0001 

1 

1 

0010 

2 

2 

0011 

3 

3 

0100 

4 

4 

0101 

5 

5 

0110 

6 

6 

0111 

7 

7 

1000 

8 

8 

1001 

9 

9 

1010 

10 

A 

1011 

11 

B 

1100 

12 

C 

1101 

13 

D 

1110 

14 

E 

1111 

15 

F 
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looks like this 


Program 

Step 

Number 

Hex 

Code 

Explanation 

00 

60 

Load a value 
Into register 0 
the value is 38 

01 

38 

02 

61 

Load a value 
into register 1 . 
the value is 0C 

03 

0C 

(The faci that the 

i instruction 


Load a value is egua! to the 
number 6 will be explained later) 

Though you are enterma your 
program In hex. the machine stili 
reads only bmary numbers thus 
hex is the programmer s 
shorthand not the 
microprocessor s However one 
limitation which you may have 
notlced in binary and hex 
language is that it »s not 
selt-documenting In other words 
it does not give any indication ot 
the operation bemg performed 
We have had to supply an 
explanation column in order to 
know what is happening 

Assembly Language 

Hence. 8 ssembly language is 
used to overcome the 
disadvantages ot hex and binary 
language by allowmg the use ot 
alphanumeric symbots to 
repr.esent machine operation 
codes branch addresses and 
other operands (You will 
remember that an operand is the 
data which is entered Into the 
microprocessor and which is 
affected manipulated and 
operated upon) In assembly 
language our opginal program 


looks as tollows iwe will continue, 
at this pomt to supply an 
explanation column smce you are 
not yet familiar w<th the assembly 
language) 

Program Assembly Explanation 
Step Code 

Number _ 

00 lDV 0 38 l,oaB 3 Value 

m register 0 
• and the value 
is 38 

02 lDV 1 0C koa(2 a Value 

in register \ 
and the value 
I 5 0C 

Notice that the step number goes 
trom 00 to 02 Where are 01 and 
03? Remember each step 
contams only 8 bits or i byte 
Assembly language uses 2 bytes 
That is LDV 0 represents one 
byte (60 in hex and 0110 0000 m 

binary) and 38 represents the 
second byte (38 in hex and 
0011 1000 m bmary) Though 

only steps 00 and 02 are shown 
when writmg your program the 
machine isince it reads only in 
binary) advances one step each 
time a byte is completed 
However it is important to 
remember if you wnte your 
program tn assembly language. to 
altow enough steps for each 
instruction How to do this will be 
explained later 

Binary Arithmetic 

Now that we have discussed 
binary and are familiar with the 
simpler methods of programmmg 
Ihex and assembler languages) 
we will discuss the various 
arithmetic operations which can 
be performed in a 
microprocessor and how to write 
them m bmary smce this ts the 
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language which the machine 
undersiands In Ihe nexi chapter 
we will discuss entenng this lype 
of daia mto ihe microprocessor 
and study what goes on within ihe 
microprocessor Bui for now we 
will dtscuss binary arithmelic 

Convertlng Oecimal Numbers Io 
Binary and Vice Versa 

To begin, we musi know how to 
convert a decima! number to a 
binary number You will 
remember that Ihe radix of binary 
Is 2, thus we repeatedly divide Ihe 
decimal number by 2 each 
answer we gei we agam divide it 
by 2 The remainder at any step of 
the division can only be 0 or t 
These remamders become the 
bits of the binary equivalent For 
example let s change the decima! 
number 25 to binary 

25 - 2 = 12 remainder 1 = 2° 

12 - 2 = 6 no remainder 0 = 2 1 
6 - 2 = 3 no remainder 0 - 2 ? 
3-2=1 remainder 1 = 2 :i 
1—2=0 remainder 1 = 2 4 

Note that we began with the least 
significant digit therefore to 
write our binary equivalent of 25 
we must begin with the most 
significant digit l te the left-mosi 
digit, remember our diagram of 
the MSB and LSB) Our binary 
equivalent becomes 11001 It you 
take the decimal equivalents 16 8 
4 2 1 and under them place your 
binary number for 25 - 1 i 0 0 1 - 
and add the decimal equivalents 
where you have binary ones. your 
resuit is 16 + 8 + 1 = 25 The 


decimal equivalent of 11001 is 
thus 25 

The obvious method for 
converting binary numbers to 
decimal would be to do as we 
have done above or if you don t 
remember the decimal 
equivalents. to select the one-bits 
in the binary number and convert 
each to a decimal and then add 
the results together For example 

2 * 2 * 7 ? 2 1 2 ° 

= 1 10 0 1 

= 1 x 2 4 + 1 x ? H x + 

0 x 2 1 + i x 2° 

= 16 + 8 + 0 + 0+1 
= 25 t0 

Binary Addltion 

Now that we know how to change 
decimal numbers Io binary and 
vice versa let s look at the 
addition of binary numbers Binary 
arithmelic is easier to perform 
than decimal but you have to 
learn some new rules since there 
are only two digits with which to 
work in binary ones and zeros 

When adding binary numbers 
remember the following 
combinanons 

0 0 11 

+ 0 + 1 + Q 1 

0 110 

with a 
carr v 
of 1 

A carry-1 bit is produced from the 
addition of 1 + 1 Binary carnes 
are treated in the same way as 
decimal carnes they are carried 
over to the ie*t For example 

Decimal Binary 

15 1111 

+ 7 + 0111 

22 10110 


Note that a condition of 1 + i = 

0 gives a carry of 1 The next 
condition is 1 + t + 1 which can 
only equal 1 with a carry of 1 

Binary Subtraction 

Smce the microprocessor uses 
the twos complement method of 
subtraction we shall discuss and 
explain it to you However before 
we begin let s review the decimal 
System s complement method so 
that the twos complement of the 
binary system might be easier to 
understand 

The mnes (9s) complement of a 
decimal number ts that value 
which is obtained by findlng the 
difference between each of its 
dtgils and 9 Decimal subtraction 
using complements is performed 
by following two rules 

1 Add the complement of the 
subtrahend to the minuend 

2 Add the carry to the least 
significant dign This carry is 
known as the end-around carry 
For example 

Normal Decimal Subtraction 

231 minuend 
- 056 subtrahend 
175 difference 
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CHAPTER 2 


Nines Complement Decimal 
Subtraction 

231 minuend 

056 subtrahend 

Subtract tne subtrahend from the 
9s complement 

999 
- 056 

943 

Apply Rule 1 

Add the complement of the 
subtrahend to the mmuend 
231 
* 943 

1174 

Apply Rule 2 

Add the carry to the least 
significant digit 
Sum is 1 174 

end -around carry 

174 

_+_1 (end around carry) 

175 

The subtrahend must always be 
the smaller of the two numbers lf 
it is not invert the problem and 
change the sign of the resuit 

As you can see in the decimal 
number system i! is awkward to 
use the complement method. 
However microprocessors make 
complementmg simple, since it 
uses 8 bit registers (remember 
each register has 8 spaces for 
stonng data) to contam many 
operands and each register is 
filled with zeros until a bit ot data 
is entered Thus ali numbers are 
expressed in 8 blts regardless of 
the value (i e the bmary number 
1010 would reside In the register 
as 0000 1010) 


By usmg this 8 bit number format 
it is easy to obtain the twos (2s) 
complement Jusi remember the 
following rufes 

1 AII ones in the subtrahend are 
changed to zeros and ali zeros 
are changed to ones 

2 A one is then added to the 
least significant bit of the new 
subtrahend 

3 Add the twos complement of 
the subtrahend to the minuend 
and ignore the carry bit if there is 
one 

Twos Complement Binary 
Subtraction 

0000 1010 minuend 
- 0000 0101 subtrahend 

Apply Rule 1 

Aii ones in ihe subtrahend are 
changed to zeros and all zeros to 
ones 

0000 0101 becomes 1111 1010 
Apply Rule 2 

Add a one to the least significant 
bit of the new subtrahend 
1111 1010 

_±_ 1 

1111 1011 

Apply Rule 3 

Add the twos complement of the 
subtrahend to the mmuend and 
ignore the carry bit. »f there «s 
one 

00001010 
^ 1111 1011 

becomes 
0000 1010 
+ 1111 1011 

0000 0101 

(If you need help in sddmg bmary 
numbers refer to the chart in the 
section BINARY ADDITION 
Remember. when you add 1 + i 
in binary it equals 0 with a carry 


of 1 Also, the last operation was 

to add 1 + i we write the 0. but 
the carry is lost We don t need it 
so we ignore it. since there is no 
extra space In the register in 
which to put it I 

Binary Multiplication 

Multiplication in binary is a simple 
process There are only two rules 
to remember 

1 The product of.1 x 1 = 1 

2 AII other products = 0 

0 10 1 

x 0 x 0 x 1 x i 

0 0 0 1 

For example 

Decimal Binary 

7 111 multlplicand 

x 5 x 1Q1 multiplier 
35 111 partia) product 

000 partial product 
111 partial product 
100011 product 

(Don t forget when addmg your 
partial products. that 1 + 1=0 
with a carry of 1 Refer to the 
chart m ihe section BINARY 
ADDITION 

As in decimal multiplication 
binary multiplication involves a 
series of shifts and addition of the 
partial products The partial 
products are equal to the 
multiplicand or to 0. Every 1 - bit 
m the multiplier gives a partial 
product equal to the multiplicand 
shifted left the corresponding 
number of places Every 0 in the 
multiplier products a partial 
product of 0 Each partial product 
is shifted left one posttion from 
the precedmg partial product. the 
same as in decimal arithmetic In 
some microprocessors this 
shifting to the left has been 
programmed on the ROM and the 
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microprocessor shifis 
automatically However m fhe 
Videopac Computer multiplication 
is done by a senes of additions 

For example 7 x 3 to the 
Videopac Computer really means 
7+7 + 7 

7 00000111 = 7 

x 3 * 0000 0111 = 7 

21 0000 1110 = 14 

t 0000 0111 = 7 

0001 0101 = 21 

To multiply 7x3. the Videopac 
Computer adds 7 three times 
This may seem cumbersome to 
you but the computer operates 
so quickly - it crunches' 
numbers in its ALU so tast that it 
takes no time at ali to reach a 
solution However when writing a 
multiplication problem you will 
need to program these additior» 
steps mto the microprocessor 
How to do that will be covered 
under the mstruction seis in a 
later chapter 

Binary Division 

Binary division is similar to 
decimal long division Yet it is 
simpler for there are only two 
rules to remember 
0 - 1=0 1 - 1 = 1 
Division by 0 (1 0 or 0 - 0) is 

meanmgless 

Before we give you an example 
remember the followmg Like 
decimal divison binary division 
must first be approached by 
deciding if the divisor is larger or 
smaller than the first bit in the 
dividend furthest to the left If it is 
larger then you must consider 
the next bit also and so on until 
you find a bit in the dividend 
which is larger than the divisor 


After you have found the bits m 
the dividend mto which the divisor 
will go you proceed just as in 
decimal division. multiplying and 
subtracting (using the twos 
complementi with right shifis 

Let s look at the followmg 
example in detail 

Decimal Binary 

jSL' 

3 nr - oon i iooi - 

- 9 divisor dividend 

0 

First, we must take the divisor 
0011 (3) and the first bit of the 
dividend. 1 Since this first bit of 
the dividend is regarded as 0001 
its value is 1 and 3 cannot be 
divided mto 1 So we take the first 
two bits of the dividend. 10 
Again regarded as the first two 
bits of daia 10010). their value is 
only 2 and 3 cannot be divided 
into 2 So we take the first three 
bits of data. 100 Their value is 
0100 14) and we can divide 0011 
(3) mto 0100 (4) one time Thus a 
i is piaced above the second 0 in 
the dividend 

_1 - quotient 

divisor 0011 Hodi dividend 

fte then multiply as in decimal 
devision (refer to your 
multiplication chart on page 12) 

_1_ - quotient 

divisor -0011 I 1001 -dividend 
- 011 - partial 

dividend 

Now we must subiract the partial 
dividend from the dividend using 
the twos complement So let s 
apply Rule 1 for the twos 
complement AII ones in the 


subtrahend ipartial dividend) are 
changed to zeros and ali the 
zeros to ones 

_1_ 

0011 I 1001 

- 011 becomes 100 

Apply Rule 2 for the twos 
complement Ada a one to the 
least significant bit c-f the new 
subtrahend (partial dividendi 

_1_ 

oon fiooi 


becomes 100 

± _ 1 _ 1 _ 

101 0011 I 1001 
becomes + 101 

Apply Rule 3 Add the twos 
complement of the subtrahend 
(partial dividend) to the minuend 
idtvidend) and ignore the carry 
bit if there is one (Refer to your 
addition table in the section 
Binary Addition ) 

1 

0011 i 1001 
+ 101 

carry is dropped - - (1) 001 
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Just as in decima! division you 
now bnng the next t>it of data 
down from the dividend to the 
psrtial dividend 

1 1 
0011 I 1001 becomes 0011 I 1001 
+ 101 + 101 
001 0011 

You can see that we now have a 
divisor of 3 (0011) and a partial 
dividend of 3 (0011) Thus, 3 3 

= 1. or 0011 - 0011 = 1 We 
now have in our example 

11 

0011 I 1001 
-1-101 

0011 

0011 

0000 

And our answer is 0011 or 3 

As in multiplication. the shifung 
operation (to the right in division) 
is often programmed in the ROM 
of the microprocessor However, 
in the Videopac Computer, 
division is completed by a series 
of subfractions For example 
2 

4 IT 
- 8 
0 

To the Videopac Computer, this 
problem really means How many 
umes can 4 be subtracted from 
8*>‘ 

08 = 0000 1000 - minueno 
04 = 0000 0100 - subtrahend 


Remember in subtraction you 
find the twos complement of the 
subtrahend 

0000 0100 becomes tin 1011 

and add one to the leasi 
significant bit 
1111 1011 

_1 

1111 1100 

Then you add the twos 
complement of the subtrahend lo 
the minuend 

08 = 0000 1000 
-04 = 1111 1100 

carry 

is dropped - (1) 0000 0100 

Your answer is stili 4 so we must 
agam use the twos complement 
of -04 for example 

0000 1000 
-i- 1111 1100 

( 1)00000100 
-I- 1111 1100 

( 1)0000 0000 

We performed the subtraction 
operation twice with no 
remainder thus 8^4 = 2 

Agam as in multiplication, when 
we write a division problem we 
must program these subtraction 
steps into the microprocessor 
How to do this will be covered 
under the instructlon sets in a 
later chapter 

It may be helpful to remember 
that shift operations are used to 
multiply or divide bmary numbers 
by powers of 2 (not multiples of 
2) A left shift of one position 
multiplies by 2. a left shift of two 
bit positions multiples by 4 a left 
shift of three bit positions 
multiplies by 8, and so on 
Simifarty. in bmary division a right 


shift of one position divides by 2 
(i e . multiplies by 1/2, or 5). a 
right shift of two bit positions 
divides by 4 (i e multiplies by 1/4 
or 25); a right shift of three bit 
positions divides by 8 (i e , 
multiplies by 1/8 or 125). and so 
on For your reference a table 
contaming the powers of two is 
located in the Appendix 

By now you may be frustrated and 
a bit discouraged by ali these 
details and you are probably 
wondering if you will ever get to 
punch the keys and write your 
own program There is however 
a lot to learn and the more 
background Information you 
acquire the easier and more 
quickly you will understand the 
mstruction sets and how they are 
used 

In the next chapter. we will review 
the basic components of the 
microprocessor and how they 
relate to the Videopac Computer, 
talk about the keycodes. and 
review the registers - - their 
operation the data they contain. 
and the number of registers in 
the Videopac Computer 
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The Videopac Computer 

in Chapter 1 we covered the 
seven basic components of a 
microprocessor Before we begm 
the study ot the instruction sets 
lei s review these components in 
relation to the Videopac 
Computer 

The Input/Output devices for the 
Videopac Computer are the 
keyboard (as shown in Figure 11) 
and your television screen 
respectively The keyboard has 48 
keys which have been previousiy 
encoded each with an 8-bit code 
The keys with their hexcode (the 
code you use to enter the value) 


and their decimat equivalents. are 
shown tn Figure 12 Each key has 
a different representation (library 
value) to the mtcroprocessor and 
this representation (either 
decimal or key value) is 
determined by the instruction 
sets programmed (i e depending 
on the instruction set 
programmed before and after a 
ID entered may be an H' or the 
decimal number 29 more on 
this later) 

You will remember thai the 
Arithmetic Logic Umt (ALU) also 


known as the number cruncher' 
performs ali arithmetic and 
reasomng operations It is in the 
ALU that operands from different 
registers are mampulated to 
obtain a resuit The Accumulator 
•s the small memory device which 
Stores data and 'or instructions for 
the ALU It can receive data from 
the keyboard or from a register 
within the microprocessor 

« 

We know that bulk storage is 
needed within the 
microprocessor for storing 
instruction sets constants and 


Keycodes. Hex Codes, and Decimal Equivalents 


Key 

Hexcode 

Decimal 

O 

17 

23 

0 

00 

00 

P 

0F 

16 

1 

01 

01 

Q 

18 

24 

2 

02 

02 

R 

13 

19 

3 

03 

03 

S 

19 

25 

4 

04 

04 

T 

14 

20 

5 

05 

05 

U 

15 

21 

6 

06 

06 

V 

24 

36 

7 

07 

07 

w 

11 

17 

8 

08 

08 

X 

22 

34 

9 

09 

09 

Y 

2C 

44 

A 

20 

32 

z 

21 

32 

B 

25 

37 

Blank 

0C 

12 

C 

23 

35 


0A 

10 

D 

IA 

26 

S 

OB 

11 

E 

12 

18 

Ciear 

2E 

46 

F 

1B 

27 

*? 

0D 

13 

G 

1C 

28 


27 

39 

H 

ID 

29 

+ 

10 

16 

1 

16 

22 

- 

28 

40 

J 

1E 

30 

X 

29 

41 

K 

1F 

31 

-4- 

2A 

42 

L 

0E 

14 


2B 

43 

M 

26 

38 

Enter 

2F 

47 

N 

2D 

45 





Figure 12 
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17 

























































































































C) 



» 


oiher data You will remember 
that the Program Memory 
contains the addresses (location 
»n register) of the instruction sets 
and sends this Information to the 
instruction Register for decoding 
or to find an address in Data 
Memory Program Memory is 
activated by the Program Counter 
which locates and identifies each 
instruction set which has been 
entered It begins at Program 
Step 00 when the Reset button is 
pushed and advances one step at 
a time, as the program is used so 
that the instructions can be 
executed in the proper sequence 

The Data Memory contains the 
addresses of data stored in 
Memory and sends this 
Information to the Accumulator 
or depending upon the program 
to another register The Data 
Counter locates and identifies 
data in Memory and points to the 
address where that data is 
located either in Program or Data 
Memory 

To keep order withm the 
microproces 5 or the Control 
Logic unit is connected to all 
other units via the Bus Lines 
(remember Address Bus. Data 
Bus. Control Bus) The Control 
Logic directs the functioning of 
the other units and Controls the 
flow of data betwoen them The 
centre of the Control Logic is the 
Instruction Register for it is here 
that the binary bits which 
compose an instruction set. sent 
from Memory are decoded and 
the necessary stgnals to 
implement the instruction are 
generated 

Figure 13 shows the basic 
18 


components of the Videopac 
Computer along with its 
registers You will note that the 
Videopac Computer has 16 
registers available for data mput - 
0 to 9 and A to F Remember that 
each register can contain 8 bits of 
data or 1 byte The data stored in 
the register can be an address 
llocation) or it can be numenc 
(symbolic) data Also remember 
that the 8 bits of data are dtvided 
in half withm the register The first 
4 bits are the Most Significant 
Bits and the last four are the 
Least Significant Bits 


1 Byte 


- ' 

V _ 


REGISTER 

_1_1_1_ 

J_L 1 

^7 6 5 A 13 2 1 

0 ) 

V 

A 

V 

__A_ 



r 


T 


i 


Also note from Figure 13 that the 
Videopac Computer contains 99 
program steps which means that 
we can wnte a program with up to 
99 steps That is a lot of steps to 
program as you will see when we 
write and Implement several 
programs 

We have also discussed binary 
hex and assembler languages 
Ltke all microprocessors the 
Videopac Computer operates by 
followmg a sequence of 
instruction sets Although the 
Videopac Computer reads these 
instruction sets in binary you may 
enter them m either hex or 
assembler language These 
instruction sets which teli the 
rmcroprocessor what to do and 


how to enter them will be fully 
explained in the next chapter 

Before we begm studying the 
instruction sets let s follow the 
execution of a program as it 
passes Ihrough the components 
of the computer which we have 
|ust reviewed First, remember 
that before a program can be 
executed it must be entered and 
stored in Memory Let s assume 
that this has been done with the 
program that will add two 
numbers, let s choose seven and 
ten 

Fig 14 shows a diagram which 
represents the important 
registers of the Videopac 
Computer and you will note that 
the program to add seven and ten 
is stored in Memory 

First, note that each register has 
room for 8 bits of data or 1 byte 
Also note that the Program 
Counter is set at 0000 0000. 
since the program is just startmg 
execution Remember that it is 
the Program Counter which 
increments by one each time an 
instruction is performed. so that 
the instructions are executed in 
the proper sequence 

The first step the Videopac 
Computer takes is to fetch the 
first instruction from Memory You 
will note that the Program 
Counter contains the exact 
address in Memory of the first 
instruction This address passes 
from the Program Counter to the 
Address Register (Refer to 
Figure 15) 

Once the address is transfered 
from the Program Counter to the 
Address Register the Program 
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Counter is incremenied by one 
so that it is ready for the next 
insirucnon Hhe address in the 
Address Register remains 
0000 0000) fSee Figure 16) 

The contents of the Address 
Register are sent to the identicai 
address in Memory via the 
Actdress Bus (See Figure 17) 

The contents of Memory at 
address 0000 0000, which are 
LDA or Load Accumulator are 
now sent to the Data Register via 
the Data Bus The contents are 
transfered in binary i e 
1000 0110, which you will 
remember is the only language 
the Videopac Computes can read 
tSee Figure 18) 

Now the contents of the Data 
Register must be decoded, so 
that the Videopac Computer can 
perform the instruction 
requested which is Load the 
Accumulator Therefore the 
contents of the Data Register are 
sent to ihe instruction Register 
decoded and the proper signals 
are sent to the Control Unit, 
which produces the necessary 
pulses to carry out the 
Instruction (See Figure 19) 

Now that the first instruction has 
been fetched and decoded. the 
next step for the Videopac 
Computer is to load the 
accumulator with the next byte of 
Information contamed in Memory 
We return to the Program 
Counter its contents are 
0000 0001 This address <s 
transfered to the Address 
Register (See Figure 20) 

In Figure 21 you will note thal the 
Proqram Counter has 


incremenied by one and the 
address in The Address Register 
is being bussed to the identicai 
address in Memory via the 
Address Bus 

» 

In Memory ihe address 
(0000 0001) is located and its 
contents (7 or in binary 
0000 Olit) are sent to the Data 
Register via the Data Bus Since 
the instruction called to Load the 
Accumulator the contents of the 
Data Register ( 7 or 0000 0111) 
are immediately loaded into the 
Accumulator (See Figure 22) 

Next the Videopac Computer 
must agam letch anoiher 
instruction, which happens to be 
Add The Videopac Computer 
travels through the same steps 
we have outlined so far (Refer to 
Figure 23) 

1 The contenls of the Program 
Counter (0000 0010) are 
transfered to the Address 
Register 

2 The Program Counter 
increments by one (0000 0011) 
(See Figure 24) 

3 The address travels to Memory 
via the Address Bus 

4 The binary contents 

(1000 1011 or'Add 1 ai Memory 

address 0000 0010 are 
transfered to the Data Register 

5 The contents ol the Data 
Register are decoded by the 
Instruction Register which telis 
the Control Unit what operatlon is 
to be imqlemented 

»• 

The execution of the Add 
instruction now takes place 
(Refer to Figure 24) 

1 The contents of the Program 
Counter (0000 0011) are 
transfered to the Address 
Register 


2 The Program Counter 
increments by one (0000 0100) 
(See Figure 25) 

3 The address travels to Memory 
aiong the Address Bus 

4 The binary contents 

(0000 1010 or 10') at Memory 

address 0000 0011 are 
transfered to the Data Register 
via the Data Bus 

5 The binary contents of the Data 
Register are immediately sent to 
the ALU (Arlthmetic Logic Unit) 
and the binary contents of the 
Accumulator (which were 7 or 
0000 01111 are transfered to the 
other input of the ALU 

6 The ALU adds the two 

operands and the sum 17 or 
0001 0001, is loaded inio the 

Accumulaior 

Since our program is now at an 
end we must instruet the 
Videopac Computer to stop 
execution Therefore we feteh 
the Halt instruction from 
Memory The same procedure is 
performed as betore (Refer to 
Figure 25) The sum is in the 
Accumulator the Halt instruction 
is bemg read by the Control Unit 
and all execution will be halted 
Instead of 'Halt we could have 
programmed an output Instruction 
which would have allowed the 
sum 17 to be dtsplayed on the 
screer» AII steps would have been 
the same with the Control Unit 
insiructing the Videopac 
Computer to dispiay the contents 
of the Accumulator on the screen 
You will see how this can be done 
in the next chapter 

Well now is the time for which 
you have been waitmg We are 
ready to study the instruction sets 
and begin to punch the keys of 
our Videopac Computer 
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CHAPTER 4 


t 




The Videopac Computer 
Instruction Sets 


The architecture ot the Videopac 
Computer was described in the 
previous chapter Vou shouid now 
be familiar wilh the computer and 
tts basic operanon In ordei to be 
abie to write your own program 
you must now study the 
instruction sets Vou witl 
remember that these instruction 
sets are the codes which teli the 
Videopac Computer what to do 
(i e load a value into a register 
output a value trom a register 
input to the accumulator etc ) In 
other words. the instruction sets 
move data trom one register to 
another and pertorm operations 
on this data Something which 
you shouid aiways keep m mmd 
and which will become obvious as 
you begin to write your own 
programs is the fact that the 
Computer can do nothing but 
what you teli it to do Although it 
has been preprogrammed with 
certain data (constants stored 
symbols. etc ) which are stored in 
ROM the Videopac Computer 
cannot execute a program until 
you have entered that program 
step by step usmg the instruction 
sets Every step must be written 
by you and entered into the 
Videopac Computer before it can 
function Thus, the instruction 
sets - what they are when to use 
them. and how to enter them - 
will be explained m ihis chapter 


Basically the instruction set does 
two thmgs First it telis you the 
operalion that is to be pertormed 
and secondly it telis you the 
destination and the value to be 
placed in that destination For 
example the instruction LDV 0 10 
means Load a value (operation) 

Into register 0* (destination) and 
the value is 10 We nave used 
LDV 0 10 previously and we know 
it as assembler language This 
laViguage is also called mnemonic 
(pronounced new monic ) and is 
valuable to the programmer since 
he can teli at a glance the type of 
operation being perlormed and 
the register and value being used 
* Zero Is aiways written 0 to 
dislinguish it trom the letter O 

As we discuss each instruction 
set we will give the mnemonic 
symbol for each set Also 
included will be the operational 
code which is the hexadecimal 
code for the instruction set This 
is the code you will use most 
often since it is easier and less 
lengthy than assembler 
(mnemonic) to wnte Each 
descnption ot an instruction set 
will also include an operation 
symbol which explicitly describes 
ihe operation being completed by 
the instruction set For example 

Instruction Input to 
Set Register 


Mnemonic 

INPR 

Code 


Operational 

7R 

Code 


Operation 

IP — R 

Symbol 
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You will remember from Chapter 
2 when we discussed bils and 
bytes that each program step can 
only hold one byte or 8 bits of 
daia Each mstruction sei varies, 
some are 1-byte and some are 
2-byte instruclions For example 
the mstruction Input to Regisler 
is a one-byte inslruction Iis Op 
Code is 7R |R slands for regisler 
of your choice) However Load a 
Value is a two-byte inslruction 
Its Op Code is 6RNN {R stands 
for the register of your choice 
and NN stands for ihe value you 
wish to place in ihe register) We 
will note the number of bytes in 
each mstruction set 

At the end of this chapter we 
have listed ali the mstruction sets 
their Mnemonic and Op Codes 
the Operation Symbol number of 
bytes and a remark column After 
stydymg the inslruction sets in 
deiail this sheet will be a good 
reference for you when writmg a 
program 

Also before we begin you should 
know that the Videopac Computer 
has been programmed with a 
group of symbols stored in ROM 
(Read Only Memory) These 
symbols are shown in Fig 32 
along with their hex values Also 
preprogrammed in the Videopac 
Computer is the special use of 
Register B 

Register B has been programmed 
to position symbols or characters 
on the lelevision screen It has 
beeri given eleven positions from 
00 (furthest left on the screen) to 
0A (furthest position to the right) 
The eleven positions are shown in 
Fig 26 


The hex numbers 00 01 02 etc 
do not appear on the screen 
They only show the relative 
position some Symbol of your 
choosing would have on the 
screen Note that when register B 
outputs to the screen n 
automatically increments by one 
In other words if we output a 
Symbol in position 02 the Symbol 
will appear in the 02 position and 
ihe register B will then advance to 
03 If the register outputs at 0A it 
automatically resets to 00 on the 
nexi step 

Before we describe each 
mstruction set let s discuss the 
followmg three mstruction sets in 
detail 

1 Load a Value rnto a Register 

2 Output from a Register 

3 Input to Accumulator 

After we have studied these we 
will step tnrough a program usrng 
them and stored symbols Please 
note that Operationai Code is 
abbreviated Op Code 

The flrst mstruction is Load a 
Value rnto a Register 
The codes are 
Mnemonic LDV R NN 

Op Code 6RNN 

Operation R = NN 

Remember that the vioeopac 
Computer has two languages in 
which it can be programmed - 
assembler and hex However 
when you program in assembler 
the Videopac Computer 
automatically changes the data to 
hex. (i e if you were to enter m 
assembler language LDV B 05 
when you reviewed u on the 


screen it would be (n hex 6B05 
which is a two-byte mstruction) 
The Mnemonic Code would be 
used to program in assembler 
language and the Op Code would 
be used to program m hex Let s 
look at each m detail 

The mnemonic LDV R NN means 
LDV = Load a value This telis 
the microprocessor which 
action to perform 
R = Register - The Videopac 

Computer has 16 reqisters 
0-9 and A-F You may 
use any of them however 
remember that register B 
is used for positlonmg a 
Symbol on the screen 
NN - Some value llke 00 09. 

13 75 etc 

For example 

LDV R NN (Assembler or 
Mnemonic Code) 

LDV0 18 Means load a value 
mio register 0 and the value is 18 
LDV B 05 Means load a value 
mto register B and the value is 05 
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Let s look now ai the Op Code 
6RNN 

6 - Load a value Telis 

microprocessor whai 
action io perform 
R -= A regisier you choose 0-9 
or A-F 

NN Some value 


For example 
6RNN (Hex Code) 


60 


8 


- Load a value 
-Into Register 0 
LA — The value is 18 


6805 



Load a value 
Inio Register B 
The value is 05 


This insiruction sel is used when 
you wish lo program into a 
specific regisier a specific value 

You wili recail thai we meniioned 
insiruction sets may be 1 or 2 
byles in iength The insiruction 
LDV 0 18 Is a 2-byte insiruction 
Smce LOV0 18 once entered inio 
ihe machine becomes 6018. lei s 
look al that insiruction m relaiion 
to bils and bytes 


Remember a byte is made ot 8 
biis 4 are the the most significant 
bits (or high order bitsl and 4 are 
tne least significant bits (or lc-w 
order bits) Six (6) would be the 
high order bit and 0 would be me 
low order bit together they would 
be one byte The same is true of 
18 thus makmg 6018 (LDV0 18) a 
two-byte instructiori We must 
then allow two program steps lor 
this insiruction 


Program 
Step 013 


IByte 

_A- 


0 


|o|1 1 1 |o|o|ololo 


High Order Low Order 
Bit Bit 

(MSB) ILSB) 


Program 
Step 01 



1 Byte 


A 

f ; 

8 1 

L°l 

O 

1 l 1 0 0 O 

(.7 6 

5 4 l 3 2 1 Oj 

/--V*"- 


High Order Low Order 
Bit Bit 

(MSB) (LSB) 


Smce the Videopac Computer has 
only 99 progam steps when 
writing a program we must keep 
a record ot how many steps have 
been used Thus we must know 
many steps tbytes) are used for 
each instruction set 


The next instruction to be studied 
is Output Irom a Register In the 
first instruction set we loaded a 
value into a register. now we 
must output that value to ihe 
screen Remember the Videopac 
Computer does only what it is 
told so we must instruet it each 
step of the way 

The codes for the instruction 
'Output from a Register are as 
f ollows 

Mnemonic Out R_ 

Op Code CR 
Operation R — Out 

Referring back to our example 
LDV 0 18 and LDV B 05 lin Op 
code 6018 and 6B05 
respectively) we now wish to 
output from register 0 our value 
18 in position 05 (remember 
register B is our position register) 
on the ielevis»on screen After 
every mput instruction lunless 
you are ustng it as a pauso) you 
must write an output instruction 
if you wish to display the contents 
on the screen 

Ustng our example LDV 0 18 our 
output instruction becomes 
Out 0 m mnemonic or C0 in 
operational code for LDV B 05 
our output instruction becomes 
Out B or CB In other words the 
Symbol designated by hex 18 tthe 
letier Q refer io Figure 12) 
would be displayed op the 
teievision screen m position 05 

For your Information the 
registers in the Videopac 
Computer would look as in Fig 
27 
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Since this first progam will be a 
short simple one we want to 
place a pause operation as the 
Iasi step so Ihat the 
microprocessor does nol neecJ to 
run through ali 99 steps to 
execute ihe program In order to 
create this pause we can use 
eilher mstruction set Input to 
Accumulator or Input to 
Register Either mstruction set 
will allow the microprocessor to 
pause at the last step of our 
program When this occurs a 
question mark appears in Ihe 
upper leti corner ot the screen 
and program execution is halted 
until a key is depressed When a 
key is depressed its llbrary value 
is stored in the accumulator and 
the question mark disappears 

Let s choose the mstruction Input 
to Accumulator as our pause 
operation The Mnemonic is INA 
and the Op Code is 04 

Now let s wnte a short program 
using the three mstruction sets 
we have just studied 

1 Load a Value into a Register 

2 Output from a Register 

3 Input to Accumulator 

and a Symbol from the Symbol 
sheet of Ftg 32 Let s select 
Symbol 3A and we will step 
through the program The first 
step ia to insert your Videopac in 
the machtne. and press ‘RESET 
This brmgs the word 'COMWAND' 
to the screen and you are ready 
to begin Since we are going to 
be programmmg. we press P for 
Program and M for Hex input. 
since we are going to enter our 
program m hex language We then 
press T for Input and the 
program step number 00 appears 
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You are now ready to enter the 
program Referring lo the 
program below you are now at 
Instruction Step number 4 please 
proceed trom there 

Instruction Explanatlon Pro- 

Step gram 

Step 

1 Press Qa )Command 

2 Press ■' P '| Program 

3 Press " vT Hex Input 

4 Press [ I ] Input 00 

Program 
Step 00 
appears on 
screen 

5 Press ' 6 ) Load a Value 

into. . 

6 Press Co ■ Register 0 

7 Press [»««»] Enter 

8 Press ! 3 )Value loaded 01 

into Register 

0 15 .-. 

9 Press [_ A J 3A 

10 Press [>■”»•} Enter 

11 Press f 6 ' Load a value 02 

into .. 

12 Press pBl Register B 


Instruction Explsnatlon Pro- 
Step gram 

Step 

13 Press Enter 

14 Press [ O ) Value loaded 03 

into Register 
B is .. 

15 Press ! 00 (furthest 

eft position 
on screen) 

16 Press f*»- 1 ») Enter 

17 Press [ C 1 Output 04 

Register. 

18 Press [ O ) 0 

19 Press f»*••*» ] Enter 

20 Press F~q~ ) Input to 05 

21 Press [ 4 'Accumulatoi 

22 Press ['»’<"] Enter 

23 Press Command 

24 Press [_§ J Execute 

II every instruction step was 
entered correctty your television 
sc r een shouid look hke Figure 28 

Let s now move the figure of the 
man to a differenl position on the 
television screen Let s pick the 
furthest right position 0A 
Remember that it is Register B 
contents we must change For 
the moment step through the 
program again and change step 
to f A ] Your screen shouid 
now look hke Figure 29. 


Do you understand what has 
happened 9 Remember the 
instruction. Load a Value into a 
Register (LDV.R.NN or m Op 
Code, 6RNNP Well look at your 
program You wtll note that at 
instruction step number 11 we 
pressed 6 and. then at instruction 
step number 12 we pressed B. 
then pressed Enter At that point 
we had instructed the 
rmcroproccessor to load a value 
into register B |6B) In instruction 
steps 14 and 15. mitially we had 
loaded the value 00 into the 
microprocessor It then knew that 
whatever was displayed on the 
screen n e the man figure which 
we loaded into register 0 in 
instruction steps 5 to 9| would be 
displayed at the position 00, which 
is the furthest lett position We 
then changed the value of 
register B from 00 to 0A and the 
posmon of the man changed to 
the furthest right position 

Now smce you understand what 
has been done abave and how to 
change the contents ot a register 
trom one value to anther we will 
show you a simpler way to do it 
without having to re-enter the 
whole program At this point we 
have our program entered and 
our man displayed at position 0A 
on the screen Follow the steps 
below and then we will discuss 
what you have done 
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Instruction Explanation 
Step 

HBMTT 

1 Press f~A ] Command 

2 Press QTj Program 

3 Press IJW J Hex Input 

4 Press i R Roll 

5 Press [jjj Program counler 

wlll go from step 
00 to 01 and 
display on the 
screen 3A 

6 Press QTj Program counter 

at 02 with the 
value 68 on the 
screen 

7 Press ( U J Program counter 

at 03 with value 
0A on screen 
This Is the 
program step we 
wish to change 
from 0A to 05 

8 Press ( »»») Program 

9 Press jyTj Hex Inpul 

10 Press I ) Input - That is. 

input new data 

11 Press I . ~Q~] Zero (0) 

12 Press f~5~l Five (5) 

13 Press f ) Enter 

14 Press p-jp Command 

15 Press ( E~J Execute 

Your screen should now look like 
Figure 30 



% 
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The mlcroprocessor is equipped 
wtth a Roll operation so that once 
a program is entered rf Ihe 
programmer decides to change 8 
program step he may do so 
without having to re-enter ihe 
complete program We entered 
the Roll mode from the Hex input 
mode then pressed U in order 
to roll up (we could have pressed 
D to roll tn reverse) We rolled to 
the step we wished to change 
(03) then pressed CLEAR and ali 
data at that program step was 
erased We then had to return to 
the Hex Input mode so we 
pressed M then T for input and 
then entered 05. our new data 
Note ihat the program step did 
not change Irom 03 uniti we had 
entered 05 M then rolled to 
program step 04 


Let s dtscuss three more 
instructlon sets and wnte a 
program usmg them Our 
program wtll be to place symbols 
on the televtston screen in all 
eleven posltions. usmg the 
following tnstruction sets: 

1 Input to Accumulator 

2 Output from Accumulator 

3 Branch Unconditionally 


We have used 'Input to 
Accumulator' prevtously as a 
pause operation We now wish to 
use it to mput data from the 
keyboard The codes for Input to 
Accumulator are 

Mnemonic INA 

Op Code 04_ 

Operation IP — A 

When thts instructlon has been 
programmed a question mark 
appears in the upper left portion 
of the screen Program exeeution 
is halted until a key has been 
depressed on the keyboard 
When a key is depressed ns 
library value Is stored in the 
accumulator and the question 
mark disappears In order to 
dtsplay ihe contents of the 
accumulator on the television 
screen, we must program the 
mstruction 'Output from 
Accumulator 

The codes for the mstruction 
'Output from Accumulator are 

Mnemonic OTA 

Op Code 0B 


Once programmed this 
mstruction telis the 
microprocessor to output to the 
screen the contents ot the 
accumulator This output of data 
will be displayed in whaiever 
position register B is currently 
set Remember that register B will 
automatically advance to the next 
posmon right when data is 
displayed on the screen and that 
if Register B is m position 0A 
(lurthest rtght positioni it will 
dtsplay the data and roll back to 
position 00 (turthest left position) 

Since we wlsh to place a symboi 
m each of the eleven positions on 
the television screen we need to 
mstruct the microprocessor to 
repeat the instructions input to 
Accumulator and Output from 
Accumulator, over and over 
agam Thus we use the 
mstruction set known as Branch 
Unconditionally This mstruction 
causes the microprocessor to 
return to a designated program 
step and continue from there The 
codes for this mstruction are 

Mnemonic GTO NN 

Op Code 12NN 

Operation GTO — PC = NN 

For example if we wished to 
branch to a certain program step 
we would write GTO 00 or 1200 
which means branch to step 00 


Operation A -» OUT 
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Usmg these Ihree insiruction 
sets let s enter the program 
below and see Ihem in action 

Instructiori Explanation Pro- 

Step gram 

_Step 

mart 

1 Press v & Command 

2 Press . P 1 Program 

3 Press I Hex Input 

4 Press i i ] Input 00 


Instruction Explanation Pro- 
ste P gram 

Step 

18 Press l E ) Executes 

program - A 
question mark 
appears on 
screen the 
computer is 
awaiting input 
Program 15 
now ready 


5 Press 

fol 

6 Press 

QD 

7 Press 

R») 

8 Press 

GD 

9 Press 

L O 

10 Press 

[»■»»»«] 

11 Press 

cn 

12 Press 

QD) 

13 Press 

i"’“i 

14 Press 

CoD 

15 Press 

CoD 

16 Press 

1 


Op code for 
Inpul to 
1 Accumulator 

Read 

keyboard 

Enter 

Op code for 01 
Output from 
Accumulator 

Output key 
to screen 

Enter 

Op code 02 

for GTO 

Enter 

Indicates 03 

program step 
to branch 

Program step 
is 00 

Enter 


19 Press 0_ 


20 Press ' t ) 


21 Press fT~) 

22 Press QH 


The zero 
Symbol 

appears in any 
one of the 
spaces shown 
in Figure 14 
This is because 
we did nol 
mitiali 2 e 
register B to 
00 

Keep pressing 
0 until you are 
in the turlhest 
leti position 
on the screen 

The 1 Symbol 
appears to 
the right of 
the zero 

The 2 Symbol 
appears to the 
right of the 1 

Etc 


Inatruction Explanation Pro- 
Ste P gram 

Step 

23 Press [ 4 

24 Press [ 5 1 

25 Press f 6 ! 

26 Press [ 7 ~) 

27 Press fj_J 

28 Press [ 9_ 

29 Press f a 

Your screen should now look like 
Figure 3t 

You should have noticed two 
things as you executed your 
program 1 | There are only eleven 
positions on the screen. 2) Any 
Symbol entered after the 0A 
Ifurlhest right position) starts in 
the furthest left position and 
rewrites over the old data Go 
ahead and ptay with the keyboard 
for a time You can type your own 
messages' 


17 Press 


Sets program 
counter to 00 
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The Complete Instruction Sets 

Add Accumulator to Register 

Mnemonic ADD R 

Op Code ER 
Operation (A = R + A) 

Use 

To add fhe contents of a specified 
register (R) to the contents of the 
accumulator and to store the 
resuit in the accumulator if the 
resull is larger than two digits 
only the lowest two digits will be 
kept 
Example 

Accum = 09 Reg 7 = 05 — 

ADD 7 — Accum ; 14 Reg 7 
05 

Accum = 90. Reg 7=15 — 

ADD 7 — Accum = 05 Reg 7 = 
15 

Branch on Oecimal Borrow 

Mnemonic BDB NN 

Op Code 10NN 

Operation (A H = 9) — PC = 
NN 

Use 

To instruet the mlcroprocessor to 
branch to the specified program 
step (NN) if ihe high order digit of 
the accumulator is a 9 
Example 

Accum = 95 — BDB 99 — 
Branch to step 99 
Accum - 05 — BDB 99 — No 
branch is taken 

Branch on Oecimal Carry 

Mnemonic BDC NN 

Op Code 11NN 

Operation |A H * 0) — PC = 
NN 

Use 

To instruet the microprocessor to 


branch to the specified program 
step (NN) if the high order digit of 
the accumulator is not a 0 
Example 

Accum = 15 — BDC 99 — 

Branch to step 99 

Accum = 05 — BDC 99 — No 

branch taken 

Branch if Register equals 
Accumulator 

Mnemonic BEQ R NN 

Op Code 3RNN 

Operation (R A) — PC - 
NN 

Use 

To instruet microprocessor to 
branch to a specified program 
step (NN) (f the contents of the 
accumulator are equal to the 
contents of the specified register 
(R) (See sample programs One 
Digit Multipllcation and Six Letter 
Guess for examples ) 

Example 

Accum = 05. Reg B = 05 — 
BEO B 99 — Branch to step 99 
Accum = 09 Reg B = 05 — 
BEQ B 99 — No branch taken 

Branch if Register is greater than 
Accumulator 

Mnemonic BGT R NN 

Op Code 4RNN 

Operation (R > A) — PC = 

NN 

Use 

To instruet the microprocessor to 
branch to a specified program 
step (NN) if the specified register 
(R) is greater than the 
accumulator 
Example 

Accum = 04 Reg A = 05 — 
BGT A 99 — Branch to step 99 


Accum = 05. Reg A = 04 — 
BGT A 99 — No branch taken 
Accum = 04. Reg A = 04 — 
BGT A 99 — No branch taken 

Branch if Register is less than 
Accumulator 

Mnemonic BLS R NN 

Op Code 5RNN 

Operation (R<A) —PC = NN 

Use 

To instruet the microprocessor io 
branch to a specified program, 
step (NN) if the specified register 
(R) is less than accumulator 
iSee sample program One Digit 
Division for example 1 
Example 

Accum = 05 Reg 8 = 04 — 

BLS 8 99 — Branch to step 99 
Accum - 04 Reg 8 — 05 — 
BLS 8 99 — No branch taken 
Accum = 05 Reg 8 - 05 — 
BLS 8 99 — No branch taken 

Branch if Register not equal to 
Accumulator 

Mnemonic BNE R NN 

Op Code 2RNN 

Operation iR * A| — PC = NN 

Use 

To instruet microprocessor to 
branch to a specified program 
step (NN) it accumulator is not 
equal to a specified register (R) 
(For example see sample 
program Message ) 

Example 

Accum — 09. Reg D = 05 — 
BNE D 99 — Branch to step 99 
Accum = 05 Reg D = 05 — 
BNE D 99 — No branch taken 
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Branch If Accumulator equals 
zero 

Mnemonic BRZ NN 

Op Code 1 3NN _ 

Operatiori (A = 0) — PC = NN 
Use 

To instruet mtcroprocessor io 
move to another program step i( 
conditions are satisfied Mosi 
often used in arithmetic 
problems tSee sample program 
One Digit Drvision for example ) 

* Post Program 

If the accumulator is zero a 
branch to the specified program 
step (NN) is taken If the 
accumulator is nol zero no 
branch takes place and ihe 
program moves to the next step 
Example 

Accum = 00 — BRZ 99 — 

Branch to step 99 

Accum = 65 —* * BRZ 99 — No 

branch takes place 

* Note: Post program means 
after the inslruction set has been 
programmed and explams whai is 
happenmg on the screen and/or 
in the Videopac Computer 

Set Accumulator to zero 

Mnemonic CLR 

Op Code 01 

Operation (A = 01 
Use: 

To ciear accumulator and set «ts 
contents to 0 

Example CLR (01 in Op Code) »s 
programmed and the accumulator 

* 0 


Subtract one from Accumulator 

Mnemonic DEC 

Op Code 02 

Operation (A = A-1) 

Use 

To decrement the contents of the 

accumulator by one 

Example 

Accum =10— program DEC — 
Accum = 09 

Branch unconditionally 

Mnemonic GTO NN 

Op Code 12NN _ 

Operation GTO — PC = NN 
Use. 

To instruet the microprocessor to 
branch to a specified program 
step INN) (See sample program 
‘Message for example ) 

Example 

GTO 99 — Branch to step 99 
GTO 34 — Branch to step 34 

* Go to subroutine 

Mnemonic GTS NN 

Op Code 14NN 

Operation GTS — PC = NN 

Use 

To instruet microprocessor to 
branch to a specified program 
step (NN) which contams an 
operation which you nrtay wish to 
use severat times in one program 
This instruction set allows you to 
use the same operation several 
times without havmg to rewnte it 
The next sequential step number 
is saved tor returning from the 
subroutine (See sample program 
Area Problems Using Subroutine 
and Return tor example j 


Example 

Step * 40 = GTS 90 — Branch 
to step 90 

Step # 90 = RET — Branch to 
step 42 

• Note: You must have a Return 
from Subroutine when you have a 
'Go to Subroutine 

Halt Program executlon 

Mnemonic HLT 

Op Code FF 
Operation HLT = FF 
Use 

To halt exeeution of program in 
order to enter a different 
operational mode to check 
registers Used for 
troubleshooting The halt 
instruction is entered after your 
program is entered In other 
words you would enter your 
complete program. then using 
the Roll mode you would enter a 
halt instruction (FF) in place of an 
instruction already programmed 
After entering the Display mode 
and checking the registers for 
errors, you would return to the 
program step contalning FF. ciear 
it and re-enter the program step 
you had removed 

Input to Accumulator 

Mnemoni c INA __ 

Op Code 04 
Operation Ip — A 
Use 

To Input data from the keyboard 
(Symbol or numera!) into the 
accumulator 
Post Program 

A question mark appears m the 
upper left portion of the screen 
and program exeeution >s halted 
until a key is depressed When 
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depressed Ihe library value of the 
key is stored in the accumulator 
and the quesllon mark 
disappears Only one keyboard 
depression is required Ip — A 
means input from the keyboard 
to the accumulator’ 

Example. 

INA (04 in Op Code) has been 
programmed A question mark 
appears on the screen You 
depress key 7 an 07 is stored in 
the accumulator 

INA —► depress 7 — Accumulator 
*= 07 

Add one to Accumulator 


Mnemonic 

INC 

Op Code 

03 

Operation 

(A = A + 1 ) 

Use 


To increment the contents of the 
accumulator by one 

Example 
Accum = 

09 — program INC — 

Accum = 

10 

Input to Register 

Mnemonic 

INP R 

Op Code 

7 R 

Operation 

Ip — R 

Use 


To store a value from the 
keyboard (Symbol or numerat) in 
a specified register 


Post program 

A question mark appears in the 
upper left portion of the screen 
and program execution is halted 
until a key has been depressed 
on the keybord When depressed. 
the library value of the key is 
stored in the register you have 
chosen and the question mark 
disappears Only one keyboard 
depression is required Ip — R 


means 'input from the keyboard 

to the register 

Example 

INP 3 (73 in Op Codei has been 
programmed A question mark 
appears on the screen You 
depress key X register 3 Stores 
the hex code (22) for the key X’ 
INP B — depress key 4 — 
Register B Stores 04 and register 
B (the positloning register) is 
positioned at 04 

Load Accumulator from Register 

Mnemonic LDA R 

Op Code 9R 
Operation R — A 
Use 

To load the accumulator with the 
contents of a specified register 
Example 

Aecum = 09 Reg B = 05 — 
LDA B — Accum = 05 Reg B = 
05 

Accum = 34 Reg 3 = 12 — 
LDA 3 — Accum = 12 Reg 3 = 
12 

Load a value into a Register 

Mnemonic LDV R NN 

Op Code 6 RNN 
Operation R = NN 
Use 

To load a value (NN) inio a 
specified register (R) 

Example 

LDV B 04 (6B04 in Op Code) - 
Register B has been set at 04 
position and any initiat output will 
be displayed at that position B = 
04 

LDV 7 3A (673A in Op Code) - The 
Symbol represented by 3A has 
been loaded into register 7 
Register 7 - 3A 


Load Accumulator from Program 
step 

Mnemonic MOV 
Op Code 09 
Operation R pc — a 
U se 

To load accumulator with the 
contents (two digit value) 
contamed in the program step 
specified by register C Rc - PC 
— A means load the contents of 
register C into the program 
counter then load the data 
contained at that program step 
into the accumulator 
Exampler 

Step 0 06 = FF. Reg C = 06 — 
MOV — Accum = FF Reg C = 
06 

Note: When usmg the MOV 
mstruction in a program. register 
C must remam empty In other 
words. you should not program 
any value in register C 

No operation 

Mnemonic NOP 

Op Code 00 
Operation NO = 00 
Use 

To implement a detay tn execution 
of the program Can be used 
when writing a program to utilize 
severat program steps so that 
when checking the program. if an 
extra mstruction step is needed. 
several will be vacant 
Post Program 

A delay is caused within the 
program execution 
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Output from Accumulator 

Mnemomc OTA 

Op Code 00 
Operation A — OUT 
Use 

To display data stored in the 
accumulator on the television 
screen 

Post program 

The contents of the accumulator 
are dtsplayed on the screen in 
whatever position register B is 
set A — OUT means output data 
from accumulator to screen 
Example 

OTA |0B In Op Code) is 
programmed Referring to our 
previous example (Input to 
accumulator) the accumulator 
contains 07 thus 07 is displayed 
on the screen 

OTA |0B in Op Code) - 07 is 
dtsplayed in position set by 
register B 

Output from Register 

Mnemomc OUT R 

Op Code CR 
Operation R — OUT 
Use 

To display the contents of a 
specified register on the 
television screen 
Post Program 

The library value stored in a 
specified register ts displayed on 
the television screen in whatever 
position register B is set R — 
OUT means 'the contents of a 
specified register are being 
displayed on the screen 


Example 

OUT 3 (C3 in Op Code) has been 
programmed Referring to our 
example above. register 3 
contains the hex code for the 
letter X (22). thus an X' is 
displayed on the screen 
OUT B (CB) — Referring to our 
example above a Symbol ( X ) is 
displayed in position 04 on the 
screen. 

Note: If you have a series of 
output instructions. one right 
after another you must place a 
No Operation instruction after 
every third output instuction For 
example 
OUT 1 
OUT 2 
OUT 3 
NOP 
OUT 4 

Comblne two digits 

Mnemomc PAK R 

Op Code 8R 

Operation R t -A h 

R L + 1-A L 

Use 

To combine two digits from two 
specified registers in the 
accumulator This instruction is 
used when working with numbers 
Since the microprocessor reads 
the numbers in hex. we must 
instruet it to combine two digits in 
order to produce and display a 
base 10 number 
Post Program 

Th low order bit of a specified 
register |R| is loaded mto the 
high order bit of the accumulator 
and the low order bit of the next 
register (R + 1) is loaded into the 

low order bit of the accumulator 

* '* 


Example 

Reg 6 = 09. Reg 7 = 25 — 
PAK 6 — Accum = 95 


H L 


H L 


•Reg 

Reg 


7[HU-f 


Accum 


Reg 9 - 07. Reg A = 35 — 
PAK 9 — Accum = 75 


H L H L 
•Reg 9@7) 

Reg A [3|5| 



Accum 


• Note: The high order bit of the 
firsi register must aiways be a 
zero 10) 

* Return from subroutine 

Mnemomc RET 

Op Code 07 


Operation RET — PC = NN 
Use 

To instruet the microprocessor to 
return to the specified program 
step (NN) This would be the step 
immediately followmg the 
instruction set Go to Subroutine 
(See sample program Additian 
Flash Cards (Guess Answer) for 
example ) 

Example 

Step # 40 = GTS 90 — Branch 
to step 90 

Step # 90 = RET — Branch to 
step 42 

• Note: You must have a Go to 
Subroutine in order to have a 
Return from Subroutine' 
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Load Accumulator with random 
number 

Mnemomc RND 
Op Code 08 
Operation RND — A 
Use 

To load accumulator with a 

random number 

Post Program 

The accumulator selects a 

random number from 00 to 99 

Example 

Accum = 10 — program RND - 
Accum = any number from 00 to 
99 

One second buzz 

Mnemomc SIG 

Op Code 05 
Operation BUZ = 1 
Use. 

To impiement a one second buzz 
Example 

Program SIG (05 in Op Code) — a 
buzz is heard for one second 

Store Accumulator in Register 

Mnemomc STO R 

Op Code AR 
Operation A —* R 

Use 

To store contents of the 
accumulator in a specified 
register 
Example 

Accum = 66 — STO 3 — Reg 3 
= 66 

Accum = 15 — STO 0 — Reg 0 
= 15 


Subtract Accumulator from 
Register 

Mnemomc SUR R 
Op Code DR 
Operation (A = R-A) 

Use 

To subtract the contents of the 
accumulator from a specified 
register and store the results in 
the accumulator 

Post Program 

The contents o» the accumulator 
are subtracted from the contents 
of a specified register (R) and the 
resuli is stored in the 
accumulator If the accumulator s 
value is greater than the contents 
of the specified register the 
register is assumed to be its 
contents plus 100 

Example 

If the register is larger than the 
accumulator 

Accum = 05 Reg 7 = 09 —* 

SUB 7 — Accum = 04. Reg 7 = 
09 

Accum = 15, Reg 7 = 90 — 

SUB 7 — Accum = 75 Reg 7 = 
90 

Example 

If ihe register is smaller than the 
accumulator. 

Accum = 01 Reg 7 = 00 — 

SUB 7 — Accum = 99 Reg 7 = 

00 

Note: 0-1 = -1 however 
according to the above 
statement. we have 100 -1 = 99 


Separate two dlgits 

Mnemomc UNP R 

Op Code BR 

Operanon A H — R t 

A, — R, + 1 

Use 

To seperate two digits in the 
accumulator and store them in 
iwo specified registers 
Post Program 
The high order bil of the 
accumulator is loaded mto the low 
order bit position of the specified 
register (R) The low order bit ot 
the accumulator is loaded into the 
low order bit posinon of the next 
register (R + 11 


Example 

Accum 23 — UNP 4 — Reg 4 
= 02 Reg 5 — 03 



H L 


H L 

I 


Reg 4 

1 

Accum f2]3| 

®3l 

Reg 5 

Accum = 91 — UNP D — 

Reg D 

= 09 Reg E ; 

01 



H L 


Accum 



Reg D 


Reg E 
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Instructiori Sets 


Description 

Mnemonlc 

Op 

Operatlon No. of Remarks 



Code 

Bytes 

Input 

. 




Input to 

INPR 

7R 

lp — R 

1 1 key depression 

Register 




only 

Input !o 

INA 

04 

Ip — A 

1 1 key depression 

Accumulator 




only 

Output 

Output from 

OUTR 

CR 

R — OUT 

1 Reg B sets 

Register 




position 

Output from 

OTA 

0B 

A — OUT 

1 of output to 

Accumulator 




screen 

One second 
Buzz 

SIG 

05 

BUZ = 1 

1 

Change Accumulator contents mathematics 


Sei to 0 

CLR 

01 

(A = 0) 

1 Accum = Hex 00 

Subtract 1 

DEC 

02 

(A = A*1) 

1 Decrement by 1 

Add i 

INC 

03 

(A = A + 1) 

1 Increment by 1 

Load with 
Random No 

RND 

08 

RND — A 

1 

Load from 

MOV 

09 

R c —• PC —* 

1 Reg C points to 

Storage 



A 

step * where 
data is stored 

Thai data will then 
be moved to 

accumulator 

Combine 2 

PAKR 

0R 

Rl ~* Ah 

1 R l = Reg low 

digits 



R l + 1 — A l 

order bit A H = 
Accum high 
order bit 

Separate 2 

UNPR 

BR 

Ah —' Ri. 

1 Note: If R t = 

digits 



a l — Rl + i 

Reg 4 then R t + 

1 = Reg 5 

Load from 

LDAR 

9R 

R — A 

1 

Register 





Subtract from 

SUB R 

DR 

< 

1 

cr 

ii 

< 

1 

Reg, 





Add Register 

ADD R 

ER 

(A = R + A) 

1 

Change Register Contents 




Store 

Accumulator 

STOR 

AR 

A — R 

1 

Load a Value 

LDV R NN 

6 RNN 

R = NN 

2 Load R with value 


NN 


t 
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Descriplion Mnemonlc Op Operatiori No. of Remarks 

Code Bytes 


Control execution order 


No Operation 
Hali 

Go to 
Subroutine 
Return from 
Subrout 

NOP 

HLT 

GTSNN 

RET 

00 

FF 

14NN 

07 

NO = 00 

HLT = FF 

GTS — PC 
= NN 

RET — PC = 
NN 

1 

1 

2 

1 


Branchlng decision 





Branch on 

BDBNN 

1QNN 

<A h = 9) — 

2 

NN = 00 through 

Decimal 



PC = NN 


99 

Borrow 






Branch on 

8 DCNN 

11NN 

|A m * 0) — 

2 

R = 0-9 A-F 

Decimal Carry 



PC = NN 



Branch 

GTO.NN 

12NN 

GTO — PC 

2 

PC = Program 

Unconditionally 



= NN 


Counter 

Branch if 

BRZ NN 

13NN 

(A = 0) - 

2 

The program 

Accumulalor 



PC = NN 


counter polnts to 

is 0 





the step number 

Branch tf Reg 

BNE R NN 

2RNN 

(R ¥ A)— 

2 


* Accumulator 



PC =* NN 



Branch if Reg 

BEO R NN 

3RNN 

(R = A) —* 

2 


= Accumulator 



PC = NN 



Branch if Reg 

BGT R NN 

4RNN 

(R -A) — PC 

2 


> Accumulator 



= NN 



Branch if Reg 

BLSR NN 

5RNN 

(R< AJ — PC 

2 


< Accumulator 



= NN 
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Videopac Computer Operating 
Modes 

We have learnea how to program 
thc Videopac Computer and we 
have used severat different 
operating modes You will recall 
using the COMMAND MODE the 
EXECUTION MODE and the 
ROU MODE 


♦ 


There are etght operating modes 
in the Videopac Computer They 
are 

COMMAND 

EXECUTION 

DISPLAY 

PROGRAM 

ASSEMBLER 

HEX INPUT 

INPUT 

ROU 

These operating modes allow you 
to perform specitic functions 
Let s look at each in detail and 
refer to the block diagram in 
Figure 33 as we explain each 
mode 

Command Mode 

To enter the COMMAND MODE 

you may press Reset or Ciear it 

you are in any of the followmg 

modes 

ASSEMBLER 

DISPLAY 

HEX INPUT 

If you are in the EXECUTION 
MODE to enter the COMMAND 
MODE press Reset 
Once in the COMMAND MODE 
you may enter the following 
modes 
EXECUTION 
DISPLAY 
PROGRAM 
by pressing 

E To enter the EXECUTION 
MODE Program execution will 
begin with step 00 You are ready 
to play your game write your 
message solve your problem 
etc if you have already entered 
your program 
or by pressing 
C - To enter the CONTINUE 
MODE This mode is used to 
locate a problem within a register 


For example let s assume we 
have a 40 step program that is not 
workmg correctly A branch 
decision was made at some lower 
step number and we would like to 
see if the correct branch was 
taken to the step number we had 
mdicated say step 14 At step 14 
we would replace the op code ai 
that step number with a halt 
statement (op code FF) To 
examine the contents of the 
program counter (which would 
contain the program step 14 thus 
informmg us of the correct 
branch) we would press D' to 
enter the DISPLAY MODE ^Ve 
would then press P to display 
the contents of the program 
counter If the correct resuit ts 
displayed we would press Ciear 
which returns us to the 
COMMAND MODE We now press 
P to enter the PROGRAM 
MODE then press M to enter 
the HEX INPUT MODE, and then 
press R to enter the ROLL 
MODE We now must roll up (*U ) 
from step 00 to step 14 where the 
FF statement is located and 
replace it with the origmal op 
code We may now place an FF 
statement at some other step to 
check another part of the 
program Please note that only 
one FF statement at a time can 
be present in the program 
or by pressing 

D - To enter the DISPLAY MODE 
(to be explained in detail later) 
or by pressing 
P - To enter the PROGRAM 
MODE (to be explained in detail 
later) 

To leave the COMMAND MODE 
you may turn the Videopac 
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Computer off* or enter another 
operatmg mode (i e c D E or 
P) 


Display Mode 

To enter the DISPLAY MODE, you 
must press D from the 
COMMAND MODE In this mode, 
you may display on the screen 
any register you wish to review 
This mode is often used to 
troubleshoot problems since you 
can check the contents of each 
register 

To check the registers, you 
press 

0-To display the contents of 
register 0 

1- To display the contents of 
register 1 

2- To display the contents of 
register 2 

3- To display the contents of 
register 3 

4- To display the contents of 
register 4 

5- To display the contents of 
register 5 

6 - To display the contents of 
register 6 

7 To display the contents of 
register 7 

8 - To display the contents of 
register 8 

9- To display the contents of 
register 9 

A-To display the contents of 
register A 

B-To display the contents of 
register B 

C-To display the contents of 
register C 


D-To display the contents of 
register D 

E-To display the contents of 
register E 

F-To display the contents of 
register F 

P-To display the contents of the 

Program Counter 

S-To display the contents of the 

Subroutine Counter 

X-To display the contents of the 

Accumulator 

• 

To leave the DISPLAY MODE 
press Ciear or Reset to enter 
the COMMAND MODE 

Program Mode 

To enter the PROGRAM MODE 
press P from the COMMAND 
MODE or press Ciear if you are 
in the ROLL MODE 
The PROGRAM MODE sets the 
Videopac Computer to accepi a 
program From this mode you 
may press A' to enter Assembler 
language (mnemomc), or you may 
press M to enter hex language 
(Op Codel 

To leave the PROGRAM MODE 
press Reset and you will enter 
the COMMAND MODE, or you 
may leave the PROGRAM MODE 
by pressmg A to enter the 
ASSEMBLER MODE or by 
pressing M to enter the HEX 
INPUT MODE 

Assembler Mode 

To enter the ASSEMBLER MODE, 
press A if you are In the 
PROGRAM MODE or press 
Ciear if you are already in the 
INPUT MODE for assembler 
language 

Once you have pressed A you 
are in the ASSEMBLER MODE 
and you may now press T to 
enter the INPUT MODE for 


Note: AII programmmg is erased 
when the power ts turned off or 
the Videopac is removed from the 
machine 


assembler language or you may 
press R to enter the ROLL 
MODE 

To leave the ASSEMBLER MODE, 
press Ciear or Reset to enter 
the COMMAND MODE or press 
any valid ASSEMBLER MODE 
commandfie T or R | (Be sure 
to refer to Figure 33) 

Hex Input Mode 

To enter the HEX INPUT MODE 
press M tf you are in the 
PROGRAM MODE or press 'Ciear 
if you are in the INPUT MODE for 
machine language 
Once in the HEX INPUT MODE, 
you may press I to enter the 
INPUT MODE for machine 
language (Op Codel or press R 
to enter the ROLL MODE 
To leave HEX INPUT MODE press 
Ciear or Reset to enter 
COMMAND MODE or press any 
valid HEX INPUT MODE command 
(ie. I or 'R ) 

Input Mode 

To enter the INPUT MODE press 
I if you are in either 
ASSEMBLER or HEX INPUT 
MODE 

Once you are In the INPUT MODE 
you may enter any assembler 
language instruction (Mnemomc) 
if you have entered from the 
ASSEMBLER MODE or you may 
enter any machine language 
instruction (Op Code) tf you have 
entered from the HEX INPUT 
MODE This is the mode in which 
you will enter your program 
To leave the INPUT MODE, you 
may press Reset to enter the 
COMMAND MODE, or press 
Ciear' to enter the ASSEMBLER 
or HEX INPUT MODE 


39 










\r, 

A* 

m 

jr 


0 * 
V 


Roil Mode 

To enter Ihe ROLL MODE, press 
R if you are in eilher 
ASSEMBLER or HEX INPUT 
MODE 

Once you are tn ihe ROLL MODE 
you may press U' lo dispiay the 
prograrn steps from 00 to 99 or 
you may press D to dispiay the 
prograrn steps from 99 to 00 Thi$ 
mode is often used to check a 
prograrn step to be sure it 
contains the correct data 
To teave the ROLL MODE press 
Ciear' to enter ASSEMBLER or 
HEX INPUT MODE 

Now thai we have studted the 
various operation modes. let s 
enter a prograrn usmg the various 
modes Review flow dtagram 1 
betore entering the prograrn 
below 
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Instruction 

Step 

Explanation Prograrn 

Step 

lllustration 

1 Press J525L 

‘Command 
appears on the 


2 Press ( P ] 

screen 

Prograrn' 
appears on the 
screen 

Operational Modes 
(Command Prograrn 
Hex Input) 

3 Press [ M ] 

'Hex Input' 
appears on the 

screen 

Step 00 appears 00 
on the left side of 
the screen 

4 Press [ | ] 

i 

5 Press ( Q ] 

/04 is the Op Code 


t -\ 

/ for Input to 


6 Press [ 4 J 

\ Accumulator 

Input to 

7 Press [ ente* ] 

Enter Step 01 01 

Accumulator 

— __, 


appears on 



screen 

▼ 

8 Press [ 7 ] 

73 is the Op Code 



for Input to 


9 Press [ 3 ] 

Register with 3 



meaning register 

Input to 


3 

Register 3 

10 Press [ enter ] 

Enter Step 02 02 

- 


appears on 

J 


screen 


11 Press £ 5 1 

53 is Op Code for 



Branch if 



Register is 


12 Press [ 3 ] 

less than 



Accumulator 



3 = Register 

13-Press Enter Step 03 

appears on 
screen 

14 Press Q ] /If contents of 

15 Press r~Q~^ ) rGgis,er 3 are ,ess 

L y then the contents 

Jof accumulator 
Vgo to step 09 


03 


oranch if '\^Yes 



Go to 
Prograrn 
step 09 























































19 Press [ enter ] Enter Step 05 
appears on 
screen 


05 


16 Press ^enter^ 

Enter Step 04 04 



appears on 

screen 


17 Press [ p ] 

FF is Op Code for 



'Hali' 1» register 3 
contents are 


18 Press ( p ] 



greater than 

Accumulator 
program counter 
will exit at step 
,04 



FF Statement • 

Exit at Step 04 
it R > Accumulator 


T 


20 Press ( Q ] f 00 is Op Code for 

r _ I No Operation 

21 Press [ O J \ Used to allow 

i computer io move 
j through program 
I steps wtihoui 
| performing any 
yoperations 

22 Press [ enter] Enter Sfep 06 06 

appears 

23 Press ( Q ] 

24 Press [ Q ] 

25 Press ^enter^ Enter Step 07 ff7 

appears 

26 Press ^ Q j i 

,_ v >00 

27 Press f Q 1 J 

28 Press [ enter] Enter Step 08 08 

appears 



Command 

Mode 


I 

No Operation 


i 
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Instructior» 

Step 


Explanation 


Program 

Step 


lllustration 


42 


29 Press ( Q ") | 

30 Press [ Q~~) 




31 Press [ enter] Enter Step 09 
appears 


09 


32 Press p ] | FF is Op Code for 

f _ I Halt If reg 3 

33 Press [ F J contents are less 


than accum , 
program counter 
will exit at step 
09 


34 Pressf enter] Enter Step 10 10 

V ' appears 


35 Press [ Q "J f04 is Op Code for 

. - < Input »o 

36 Press [ 4 J (Accumulator’ 

37 Press[ enter] Enter Step 11 11 

appears 


38 Press^ Q ] j 0B is Op Code for 

I Output from 

39 Press [ B ] \ Accumulator' In 

J other words 
\ whatever was in 
j Accumulator will 
I be displayed on 
\screen 

40 Press [enter] Enter Step 12 

appears 


12 


41 Press ^ Q j 

42 Press f 4 ) 


'04 is Op Code for 
‘Input to 
Accumulator 
|This will be used 
simply to allow 
ithe output from 
‘step 11 to be 
displayed on 
screen (used as a 
pause operationj 


1 



I 


i 

Output from 
Accumulator 

I 

I 


Input to 
Accumulator 
(used as pause) 
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instruction Explanaiion 

Step 

43 Press Enter Step 13 

appears 


Program lltustraiion 

Step 


13 


44 Press RESET 

CZD 


Reset Program is 
stored and you 
are back in the 
Command mode 




' BRANCH > 
REG 3< ACCUM 


NO OPERATKDN 


STAT EMENT 
EXfT AT 
STEP 0 » 


EXECUTOS 

«XC 

inu,T(inw 
rrw r 

COMTIMUE 
MOOt 
<m£*at «p 


INPUT TO ACCUM 


tNPUT TO ACCUM 
<US£D AS A PAUSE) I 


•5TcP«rr tfcjST 
BEi^semEDiN 

THfWJUGHAM 


OPERATtONAl (COMMAND I 
PROGRAM tNPl/TI .MQOES 1* 


INPUT TO ACCUM 


OUTPUT TO ACCUM 


FF STAT EMENT 
EXIT AT 
STEP |09 


Ftgure 33 


Ffow diagram 1 
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CHAPTER S 








Review flow diagram 2 . !hen 
mplement the followmg. 


Execution Mode 


Instruction 

Step 


Explanation 


Program 

Step 


lllustration 



screen) 


Remember our program had an 
instruction which stated Branch if 
register is less than accumulator 
Since register 3 now equals 05 
and the accumulator equals 06 
those conditions are satislied 
Our program further States that if 
those conditions are satisfied. 
then the Computer should exit at 
program step 09 Program step 09 
has an FF instruction ihalti which 
returns us to the Command 
mode (Note, nothing has 
appeared on the screen because 
the program has halted at a 
program step prior to the 
instruction Output from the 


Accumulator Refer to flow 
diagram 2 ) However we know 
that the following registers should 
stili contam 

Accumulator = 06 
Register 3 * 05 
Program Counter = 09 

1 

Now the questlon is Can we 
check ihese registers to be sure 
they contam the corr9Ct daia r Of 
course we can. by using the 
Display mode 
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XiTPvJT TO ACCUM 


) 




INPUT TO ACCUM 
IUSED AS A PAUSEI 


OPERATIONAL 

(DISPLAY) 

MODE 





PRESS 

CLEAR 



OPERATIONAL 

(COMMANDI 

MODE 


Flow diagram 2 


Flow diagram 3 
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Review flow diagram 3. then 
impiement the following 

Display Mode 


Instruction 

Step 

Explanation Program 

Step 

lllustration 

1 Press [ D ) 

Display appears 
on screen 

Operational Mode 
(Display) 

2 Press pT) 

X' * This displays 
the contents of 




the Accumulator 

You should see 

Accumulator 

06 

3 Press [ 3 ) 

06 X REG 

3 - This displays 
the contents of 




register 3 You 
should see 

Register 

05 


05 3 REG 



4 Press ( P ] 

P‘ This displays 
the contents of 

i 

r 


the program 
counier You 

Program Couriter 

09 


should see 




09 P REG 



5 Press [ ciear ] 

We are now back 
in the Command 
mode 



Operational Mode 
(Command) 


We know now that all regisiers 
comam ihe appropnate data 
We now wish to return io our 
program and replace the haH 
instruction (FF) at program step 
09 with a no operation instruclion 
(00) This must be done by 
entermg the Roll mode. 


Roll mode 

We have entered 
the Program 
mode 


1 Press 


CZj 


2 Press Hex Input' 

appears 

3 Pressf ) We are in the Roll 

mode 

4 Press[ jj ^ The U (up) key 

must be pressed 
9 times Your 
screen wili then 
Show 09 FF 




L. 


J 






FF from step 09 

6 Press^ M "] Hex Input' 

appears 

7 Press ( 1 ^ 09 appears 

8 Pressf q~^| f 00 is the Op 

rr~ < Code for No 

9 Press f Q J (Operation 

*0 Pressf eNTEn]Enter Step 10 
appears 

RESET 

11 Press/-- ^ -\Reset 

l—Command 

appears We are 
back in the 
Command mode 


* 
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We shall now enter the Execution 
mode and implement the same 
program We will enter 06 into the 
accumulator and 05 into register 
3 However after we have entered 
these values note that the 
computer wil| continue to display 
a quesfion mark rather than 
returnmg to the Command mode 
We wil| know that the computer 
has branched correctly at 
program step 09 Since that step 
now contains a no operation 
mstruction ( 00 |. has allowed the 
Computer to step through the 
program (Refer to flow diagram 
4) You may now press any key on 
the keyboard and It will appear on 
the screen 


Executlon Mode 

Instruction 
Step 


1 Press 


CD 


2 Press [ 5 ) 

3 Press [ 5 ] 

4 Press [ W 1 


Explanatton 


We have entered 
the Execution 
mode and may 
now implement 
our program 

Hex 06 is in the 
Accumulator 

Hex 05 is in 
register 3 

A W appears on 
the screen You 
could press any 
key o* your 
choice 


Program lllustration 

Step 



Notice in our original program in 
this chapter that program step 12 
is another Input to Accumulator 
mstruction We programmed that 
step simply to allow the output 
from step 11 (the W) to be 
displayed on the screen 
Remember that program 
execution is halted after the 
mstruction Input to Accumulator 
until a key is pressed and 
additional Information is entered 
into the accumulator This 
mstruction is a good one to use 
for troubleshooting. since 
execution is completely halted 
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Branchlng When Reglster 3 is 
Larger than the Accumulator 

Let s now return to the Command 
mode, which will erase the values 
currently in the accumulator and 
register 3 Then we will enter the 
Execution mode and enter new 
values so that register 3 will be 
larger than the accumulator and 
branchmg will take place at 
program step 04 (Refer to flow 
diagram 5) 


Instruction Explananon Program lllustration 

Step Step 


1 Press R6SET 

CS3 

2 Press E ] 

3 Press ( 5 ] 


4 Press [ 5 ] 


Reset This 
returns us to the 
Command Mode 

Execution mode 
A question mark 
appears on the 
screen 

Hex 05 is now m 
the Accumulator 
and the question 
mark remams on 
the screen 

Hex 06 is now in 
register 3 and we 
return to the 
Command mode 


Now since the Accumulator 
equals 05 and register 3 equals 
06 the program will be halted at 
program step 04 The register 
should contain the foilowmg 
Accumulator = 05 
Register 3 = 06 
Program Counter = 04 

It is left as an exercise for you to 
display these registers on the 
screen to be sure they contain 
the correct data It you are not 
sure go back to the Display 
mode instructions for flow 
diagram 4 
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NQ0RANCH > 
r <«EG3«ACCUM 
. 05<06 ^ 


INPUT TO ACCUM 
IUSEO AS A PAUSE) I 


OUTPUT TO ACCUM 


INPUT TO ACCUM 
06 




INPUT TO 


REG1STER 3 


NO OPERATION 


rP STATE: ME NT 
EXIT AT 
STEP 04 


STEP 09 = 00 


INPUT TO ACCUM 
W 





INPUT TO ACCUM | 
(USED AS A PAUSE I I 


Flow diagram 4 


Flow diagram 5 
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Assembler Mode Programming 

Thus far we have done ali our 
programming in The Hex Inpul 
mode though we have discussed 
the Assembler mode You will 
remember ihai when 
programming in the Hex Input 
mode you have used the Op 
Code symbols and that when 
programming in the Assembler 
mode you must use the 
Mnemontc symbols As a Iasi 
exercise. let s enter a program 
called Creepy Crawler (as 
written at the end of this chapterj 
first in Hex |Op Code) and then in 
Assembler (Mnemonici 
First, the Hex Input Remember 
how to get the Hex Input mode? 
Press RESET 

Press ‘P 

Press *M 

Press T 

You are now at program step 00 
Reternng to the Creepy Crawler 
program, enter the hex values 
shown under Op Code Don t 
forgei to press the Enter button 
alter each byte ot data |lf you 
have forgotten what a byte 
consists of, refer to chapler 4) If 
you have entered the program 
correctly your screen should look 
similar to Figure 34 


You are now m the Assembler 
mode at program step 00 and 
ready to enter the program in 
Mnemonics Since we have not 
used this language belore we will 
step through the first program 
step with you usmg the 
Mnemonlc column of the 
program 

Press L 

Press D 

Press V 


Press 

Press 0 

Press 

Press 2 

Press F 

Press Enter 

We are now at program step 02 
Continue in the same way and you 
should see on your screen a 
picture similiar to the one in 
Figure 34 


Creepy Crawler 


Step 

Opcode 

Mnemonics 

Operatlon 

Remarks 

00 

60 

2F 

LDV02F 

R = NN 

Load reg 0 - 2F 

2F = block figure 

02 

61 

0C 

LDV 1 0C 

R = NN 

Load reg 1 = 0C. 

0C = blank 

04 

68 

00 

LDV B 00 

R = NN 

Sets output position 
to 00 

06 

C0 


OUT0 

R — OUT 

Outputs block to 
screen 

07 

C1 


OUT 1 

R — OUT 

Outputs blank to 
screen 

08 

05 


SIG 

BU2 = 1 

Bu 22 for one 
second 

09 

08 


RND 

RND — A 

Accum selects 
random number 

10 

BB 


UNPB 

A h —■ 

A l — R l -f 1 

Unpack reg B used 
for output position 

11 

12 

06 

GTO06 

GTO — PC = NN 

Go to step 06 and 


repeat 
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Sample Programs/Conclusion 


Before explammg the sample 
programs which follow an 
explanation of Ihe four programs 
already entered and siored in the 
ROM of your Computer 
Programmmg Cartridge is 
needed You may have noticed 
afler inserttng your cartridge and 
pressing the Power button that 
by pressing i on the keyboard a 
set of blocks appear on the 
screen flashmg in random order 
and accompamed by a buzz 
sound This is Creepy Crawler. It 
is just a sample of the programs 
you can enter in your Videopac 
Computer The program for 
'Creepy Crawler appears at the 
and of the last chapter and you 
may wish to enter this program in 
your Videopac Computer, 
substitutlng another Symbol 
(chosen from the symbols in 
Figure 32) for the block Symbol 
lf you press 2 after inserting 
your cartridge and pressing the 
Power button an addition 
problem appears on the screen 
withoui a solution This is Flash 
Card You are to enter the 
solution For example 4 + 2 =' 
appears on the screen. you press 
08 (remember. you must press 2 
digits) Since this is not the 
correct answer a NO appears 
You then press 06 and the 06' 
appears on the screen Another 
problem does not appear on the 
screen untll you press a key 

H you press 3 the HiglvLow 
Guess game is implemented At 
this pomi a question mark 
appears on the screen and the 
computer chooses a number from 
00 to 99 but does not dtspiay it 
on the screen You then press 
any number between 00 and 99 


Whatever number you enter will 
be displayed on the screen with 
an L or an H' which telis you 
that your guess is either lower or 
higher than the number the 
computer has chosen You may 
keep guessmg until you choose 
the correct answer which is 
identtfied by an X' beside the 
number you have chosen 

When the 4 15 pressed the Is 
Number Between Limits^ game 
is implemented Three numbers 
appear across the screen For 
example 03 07 00 The 03 
represents a low number the 07 
represents a high number and 
the 00 represents your score 
Again the computer chooses a 
number but does not display it 
You must guess if the number is 
between 3 and 7 If you thmk It is 
you press YES if you do not 
thmk the number is between 3 
and 7 then you press NO II you 
are correct the number appears 
on the screen between the 3 and 
7 and your score mcrements by 1 
If you are wrong the computer 
wtll sound a beep your score 
remammg the same After each 
Yes or No guess press any key 
and a new problem will appear 

These programs are 
preprogrammed for your 
enjoyment to use until you are 
able to write your own programs 

Followmg are sample programs 
which you may enter into the 
computer for practice We have 
attempted to use each instructton 
set m some way in order to give 
you a working example of how 
each can be used However it Is 
only from practice and trial and 
erro t that you will come to know 
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how and when to use the 
instruction seis 

in some mstances a page of 
explanatiori is presented before 
tne program This was done in 

order to gtve a more detailed 
explanation ot the use of 
particular mstruction sets and/or 
the reasons why a particular 
instruction set was necessary in a 
certain situation 

Also, included in the Appendix 
are blank program pages for use 
when writing your own programs 
Computer programming is not an 
easy subject to learn. however it 
is extremely interesting and a 
subject which is constantly 
changmg as new advances m 
computer technoiogy are made 
This manual is only a beginning 
mtroduction to the basies of 
computer programming and we 
hope it has been interesting to 
you Through your use of the 
Videopac Computer and its 
Computer Programming 
Videopac you may develop an 
interest and desire to research 
and study the more advanced 
computer languages and systems 

Good luck' 

Sample programs 

Add Two 1-Digtt Numbers and 
Display the Sum 

The first three programs deal with 
the same problem. adding two 
1-digit numbers and displaying 
the sum. however the complexity 
of the program increases each 
time (A B. C. respectively) as 
you will note the program steps 
also increase 

In Problem A after the program 
has been entered and the 


execution implemented. a 
question mark appears on the 
screen The computer is askmg 
for some data When the first 
number is entered, it is not 
displayed When the second 
number is entered the answer 
appears on the screen 
immedialely The problem is not 
erased until two more digits are 
entered 

In Problem B. the question mark 
again appears The first number is 
entered and nothing appears on 
the screen When the second 
number ts entered. the complete 
problem appears on the screen 
for example 2 + 4 = 06 You will 
note, if you look at the program 
that in this case the * +' and * = * 
signs had been programmed into 
the computer so that they would 
appear on the screen Agam, the 
problem does not erase from the 
screen until you enter two new 
digits 

Problem C begins with a question 
mark on the screen The first 
number entered appears on the 
screen along with a ' + sign The 
second number entered appears 
on the screen along with an ’ =' 
and Ihe answer Note that when 
the first digit of the second 
problem is entered the first 
problem disappears from the 
screen This occurs because of 
the following 

t Program step 16 is a pause 
operation whtch allows the 
problem to remain on the screen 
until another number is entered 
2 Program step 17 and 18. load 
register C with 0B which stands 
for the decimat number 11 which 
is also the number of positions 
available on the screen 


3 Program step 19 and 20, 
register 7 is loaded with blank 
spaces 

4 Program step 21 loads the 
accumulator with the decimal 
number 11 from register C 

5 Program step 22 and 23 load 
register 4 with 00 

6 Program step 24 the 
accumulator is decremented by 1 

7 Program step 25. a blank space 
from register 7 Is displayed on the 
screen 

8 Program step 26 and 27. 
instructs the computer to return 
to program step 24 if the 
accumulator is not equal to 
register 4 In other words the 
computer will keep returnmg to 
step 24 decrementing by 1 and 
displaying blanks on the screen. 
until the accumulator is equal to 
register 4 which is zero (00| 

10 Program step 28 and 29 once 
the acdumulator is equal to 
register 4. the computer moves 
on to step 28 and 29 which set 
register B at 00 the furthest leff 
position on the screen 

11 Program step 30. instructs the 
computer to return to program 
step 03 and repeat the program 
thus you are able to enter 
problem after problem 
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CHAPTER 6 




Add Two 1-Digit Numbers and 
Display Sum (Problem A) 


Step 

Opcode 

Mnemonics 

Operation 

Remarks 

00 

70 

INP 0 

lp — R 

Inpul Reg 0 with 1; 
number 

01 

04 

INA 

lp — A 

Input Aecum wifh 
2nd number 

02 

E0 

ADD 0 

(A = rTaT 

Add Reg 0 to 
Accumulator 

03 

Bl 

UNP 1 

a h — r l 
a l —• r l + i 

Unpack Reg 1 and 
Reg 2 Iseparaie 
* digitsl 

04 

68 00 

LDVB00 

R = NN 

Set outpul position 
tO00 

06 

C1 

OUT 1 

R — OUT 

Oulput Reg 1 ist 
digit sum 

07 

C2 

OUT.2 

R — OUT 

Output Reg 2 2nd 

digit sum 

08 

12 00 

GTO00 

GTO — 

PC = NN 

Go to step 0O & 
repeat. 


Add Two 1-Digit Numbers and 
Display Sum {Problem Bl 


00 

70 

INP 0 

lp — R 

Input Reg 0 with Ist 
number 

01 

04 

INA 

lp — A 

Input Accum with 

2nd number 

02 

6B 00 

LDVB00 

R = NN 

Set output position 

04 

C0 

OUT 0 

R — OUT 

Output Ist number 
from reg 0 

05 

63 10 

LDV 3 10 

R = NN 

Load Reg 3 = 10.. 

10 = (+ ) sign 

07 

C3 

OUT 3 

R — OUT 

Output Reg. 3. + 
on screen 

08 

0B 

OTA 

A — OUT 

Output 2nd number 
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Add Two 1*Digit Numbers and 
Display Sum iProblem C) 


Step Opcode Mnemonica Operation Remarks 


09 

63 2B 

LDV 3 2B 

R = NN 

Load Reg 3 with 
(*) sign 

11 

C3 

OUT 3 

R — OUT 

Output Reg 3. = 
on screen 

12 

E0 

ADDO 

|A = R t A| 

Add Reg 0 to 
Accumulator 

13 

B1 

UNP 1 

Ah — Ri 
* A L —» R^ + 1 

Unpack Reg 1 and 
Reg 2 

14 

C1 

OUT 1 

R — OUT 

Output Reg 1. 1 st 
digit sum 

15 

C2 

OUT 2 

R-OUT 

Outpul Reg 2 2nd 
digit sum 

16 

12 00 

GTO00 

GTO — PC = NN 

Go to step 00 and 
repeat 

00 

6B 00 

LDV B 00 

R = NN 

Set output position 
to 00 

02 

70 

INP 0 

lp - R 

Input ist number to 
Reg 0 

03 

C0 

OUT 0 

R — OUT 

Output Reg 0 

04 

63 10 

LDV 3 10 

R = NN 

Load Reg 3 = 10 

10 = ( + ) sign 

06 

C3 

OUT 3 

R — OUT 

Outpul + sign from 
Reg 3 

07 

04 

— 

INA 

!p — A 

Input to 

Accumulator 

08 

0B 

OTA 

A — OUT 

Output from 
Accumulator 

09 

63 2B 

LDV 3 2B 

R = NN 

Load Reg 3 with 

1 = 1 sign 

11 

C3 

OUT 3 

R —* OUT 

Output = sign from 
Reg 3 

12 

E0 

ADDO 

iA = R + A) 

Add Reg 0 to 

Accum 

13 

- 

Bl 

UNP 1 

A H — R L 
\ — Rl + 1 

Unpack Accum to 

Reg 1 and Reg 2 
































































Step Opcode Mnemonics Operatiori 


Remarks 



14 

C1 


OUT 1 

R — OUT 

Output Reg 1 

15 

C2 


OUT 2 

R — OUT 

Output Reg 2 

16 

70 


INP 0 

Ip — R 

This is used as a 
pause operation 

17 

6C 

0B 

LDV C 0B 

R = NN 

Load Reg C with 
hex 0B (*11| 

19 

67 

0C 

LDV7 0C 

R = NN 

Load Reg. 7 with 
biank spaces. 

21 

9C 


LDAC 

R — A 

Load Aecum from 

Reg C 

22 

64 

i\1 

LDV 4 00 

R = NN 

Load Reg 4 with 00 

24 

02 


DEC 

{A = A-11 

Subtract 1 from 

Accum 

25 

C7 


OUT 7 

R — OUT 

Output Reg 7 
(biank spacesj 

26 

24 

24 

BNE 4 24 

(R * A) — PC = 

NN 

Branch if Reg 4 * 
Accum 

28. 

6B 

00 

LDV BOO 

> c 

R - NN 

Set output position 
to 00 

30 

12 

03 

GT003 

GTO — PC = NN 

Go to step 03 and 
repeat 


One Oiglt Multiplication 


Refer to Chapter 2 to refresh your 
memory as to Ihe method which 
the Videopac Computer uses to 
multiply Then enter the program 
Remember it multiplies by a 
series ol additions which we must 
program into the computer Let‘s 
look at the steps in detail 

First after the program is 
entered a question mark appears 
on the screen and the computer 
is wailtng for input The first digit 
entered is the multiplicand and 
appears on the screen with an X’ 
sign The second digit is entered 
{the muttiplierj and the complete 
problem appears with answer for 
example 7 x 3 - 21 You will 


note that program step 00 (which 
positions register B at the 
furthest left position) through 
program step It are the 
instructions which allow the 
problem to be displayed on the 
screen It ts at program step 12 
that the mathematical operations. 
which must be performed In 
order to solve the problem. begin 
Let s look at these Instructions In 
detail 

1 Program step 12. loads the 
accumulator from register 0 with 
the 7 which is the multiplicand 

2 Program step 13 adds the 
accumulator (07) to register 0 
(note regis.ter 0 stili contains an 
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07) Remember ihai The Videopac 
Computer multiplies by a series 
of additions This is the first 
addition 

3 Program step 14 the sum of 
the accumulator and register 0 is 
stored in register 2 

4 Program step 15 the 
accumulator is loaded from 
register 1 which holds the 
multipiier 3. and this is the 
number ot times we must add 7 in 
order to arrive at an answer 

5 Program step 16 decrement 
the accumulator by 1 The 
accumulator contams the 3 (the 
number of times we must add 7) 
We have added 7 twice 107 + 07) 
so we must now decrement the 
multipiier (3) by 1 so that we can 
fceep track of the number ot 
times we nave added 

6 Program step 17 store the 
difference in register 1 The 
difterence is now 2 and we return 


One-Diglt Multiplication 
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that value to register 1 (Note 
The multiplicand (07) has been 
added twice at this point 
hc-wever. since we can only 
decrement the accumulator by 1, 
we have to program the computer 
io stop adding 07 after the third 
time, so we wish to stop adding 
when the multipiier equals 01 
rather than 00 j 

7 Program step 18 and 19 load 
register 3 with 01 This is done so 
that when the accumulator 
contains the contents of register 

i (the multipiier) and they are 
compared to the contents of 
register 3 (01 which is when we 
want the addmg operation to 
stopi the computer will either 
stop adding (if the accumulator is 
equal to register 3) or it will loop 
back to the specified program 
step (if they are not equall and 
continue to add 07 again 

8 Program step 20 and 21. 


Step 

Opcode 

Mnemonics 

Operation 

Remarks 

00 

6B 

00 

LDVB00 

R = NN 

Set output position 

02 

70 


INP 0 

lp — R 

Multiplicand to Req 

0 

03 

C0 


OUT 0 

R — OUT 

Output Multiplicand 

04 

66 

29 

LDV6 29 

R = NN 

Reg 6 = 29 29 = 

(X) 

06 

C6 


OUT 6 

R — OUT 

Output Reg 6 Reg 

6 = (X) 

07 

71 


INP 1 

lp — R 

Multipiier to Reg. i 

08 

C1 


OUT 1 

R — OUT 

Output Multipiier 

09 

67 

2B 

LDV7 2B 

R - NN 

Reg 7 = 2B 2B = 

< = ) 

11 

G7 


OUT 7 

R — OUT 

Output Reg 7 


instructs the computer to branch 
to step 25 if the contents of the 
accumulator and register 3 are 
equa) At which time the answer 
will be unpacked and displayed on 
the screen 

9 Program step 22. load 
accumulator from register 2 
which contains the sum of the 
addition ot 07 + 07 which is 14 

10 Program step 23 and 24 
instruet the computer to return to 
step 13 and repeat addition 

11 Program step 25 when the 
accumulator and register 3 are 
equal iboth contain 01). the 
computer steps to program step 
25 and the accumulator is loaded 
from register 2 which contains the 
sum of the addition operations 
( 21 ) 

12 Program steps 26 Ihrough 29 
unpack the answer and display n 
on the screen 
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Step 

Opcode 

Mnemonics 

Operation 

Remarks 

12 

90 


LDA 0 

R — A 

Load Accum from 

Reg 0 

13 

E0 


ADDO 

(A = R + A) 

Add Reg 0 to 

Accum 

14 

A2 


STO 2 

A — R 

Store sum in Reg 2 

15 

91 


LDA 1 

R — A 

Load Accum from 

Reg 1 

16 

02 


DEC 

e 

1 

< 

II 

< 

Decrement Accum 
by 1 

17 

AI 


STO 1 

A — R 

Store difference in 
Reg 1 

18 

63 

01 

LDV 3 01 

R = NN 

Load Reg 3 with 01 

20 

33 

25 

BEQ3 25 

(R = A| — PC = 
NN 

(R = A| Go to step 

25 

22 

92 


LDA 2 

R — A 

Load Accum from 
Reg 2 

23 

12 

13 

GTO 13 

GTO — PC = NN 

Go to step 13 

25 

92 


LDA 2 

R — A 

Load Accum from 

Reg 2 

26 

B4 


UNP 4 

Ah —• R t 

A L — R t + 1 

Reg 2 Unpack two 
digits 

27 

C4 

• 

OUT4 

R — OUT 

Output Reg 4 

28 

C5 


OUT 5 

R — OUT 

Output Reg 5 

29 

12 

00 

GTO 00 

GTO — PC = NN 

Go to step 00 and 
repeat 


One Diglt Dlvlsion 

Refer to Chapter 2 to refresh your 
memory regarding binary division 
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Remember, the Videopac 
Computer divides by a series of 
subtractions, and the quotient is 
the number of times the divisor 
can be subtracted from the 
dividend Now enter the program 
on the following pages A 
question mark appears on the 
screen atter execution is 
implemented When the first 
number (dividendi is entered it 


appears on the screen with a - ’ 
sign The second number (divisor) 
*s entered and appears along with 
an ‘ = ' sign and the answer Lets 
look at the program in deiail 
1 Program step 00 and 01 
initialization of register 3 to 
contam 00 This register will 
contain the sum of the 
subtraction operations the 
computer performs in order to 
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Remarks 



One-Digit Olvision Step Opcode Mnemonics Operatiori 


00 

63 00 

LDV3 00 

R = NN 

Reg 3 = 00 
(mitializationj 

02 

6B 00 

LDVB00 

R = NN 

Reg B = 00 
(positioning) 

04 

70 

INP0 

!p — R 

Dividend to Reg 0 

05 

C0 

OUT 0 

R — OUT 

Oulput Reg 0 

06 

69 2A 

LDV9 2A 

R = NN 

Reg 9 = 2A 2A - 
(-) 

08 

C9 

OUT 9 

B — OUT 

Oulput Reg 9 

09 

71 

INP 1 

Ip — R 

Divisor to Reg i 

10 

C1 

OUT 1 

R — OUT 

Oulpul Reg 1 

11 

6A 2B 

LDV A 2B 

R = NN 

Reg A = 2B.2B = 

( = ) 

13 

CA 

OUT A 

R —♦ OUT 

Oulput Reg A 

14 

• 

91 

LDA 1 

R — A 

Load Accum from 
Reg 1 

15 

D0 

SUB 0 

(A = R-A) 

Sub Accum from 

Reg 0 

16 

A0 

STO 0 

A —* R 

Store difference in 
Reg 0 

17 

93 

LDA 3 

R — A 

Load Accum from 
Reg 3 

18 

03 

INC 

(A = A * 1) 

Add 1 to the Accum 

19 

A3 

STO 3 

A — R 

Store sum in Reg 3 

20 

90 

LDA0 

R — A 

Load Accum from 
Reg 0 

21 

13 40 

BR2 40 

(A = 0) —> PC = 

NN 

Branch to step 40 (f 

A = 0 

23 

91 

LDA 1 

R — A 

Load Accum from 

Reg 1 

24 

50 28 

BLS 0 28 

(R «r A) — PC = 
NN 

Branch to step 28 if 

R < A 

26 

12 15 

GTO 15 

GTO — PC = NN 

Go to step 15 

28 

93 

LDA.3 

R — A 

Load Accum from 

Reg 3 


60 
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Step 

Opcode 

Mnemonlcs 

Operation 

Remarks 

29 

B4 


UNP 4 

Ah Ri 

A,. — R l + 1 

Unpack two digits 

30 

C4 


OUT 4 

R - OUT 

Output 1 st dlgit 

Reg 4 

31 

G5 


OUT 5 

R - OUT 

Output 2nd diglt 

Reg 5 

32 

66 

10 

LDV6 10 

R = NN 

Reg 6 = 10 10 = 

< + ) 

• 

34 

67 

13 

LDV7 13 

2 

2 

II 

CE 

Reg 7 = 13. 13 = 
(R) 

36 

C6 


OUT 6 

R - OUT 

Output + sign 

37 

C7 


OUT 7 

R — OUT 

Output R 

38 

12 

00 

GTO00 

GTO — PC = NN 

Go to step 00 

40 

93 


LDA3 

R — A 

Load Aecum trom 
Reg 3 

41 

B4 


UNP 4 

Ah — Ri 

A i — r l + 1 

Unpack two digits 

42 

C4 


OUT 4 

R — OUT 

Output Reg 4 Ist 
digit 

43 

C5 


OUT 5 

R — OUT 

Output Reg 5 2rid 
dtgit 

44 

66 

0C 

LDV6 0C 

R = NN 

Reg 6 = 0C 0C = 
blank 

46 

67 

0C 

LDV7 0C 

R — NN 

Reg 7 = 0C 0C 
blank 

48 

C6 


OUT 6 

R — OUT 

Output blank 

49 

C7 


OUT 7 

R - OUT 

Output blank 

50 

12 

00 

GTO00 

GTO — PC = NN 

Branch to step 00 


Area Problems Using Go To 
Subroutine' and ‘Heturn 

ThiB problem was tncluded to give 
you an example of how and when 
to use the instructions Go to 
Subroutine and Return For a 
detailed explanation ot these 
instructions. refer to Chapter 4 
Now enier the program as it is 
written on the following pages 
You now enter a number which 
will be the base and then a 
number which will be the height 
Then press 1'in order to tind ihe 
area of a rectangle or press '2 in 
order to tind the area of a 
triangle The answer immediately 
appears on the screen We will 
discuss each of these problems 
(rectangle and triangle) 
separately First note that 
program step 00 (which positions 
register B at the furthest left 
position on the screen) through 
program step 08 will be the same 
for both problems with step 08 
bemg your selection of 1' or 2 
The values 0t and 02 have been 
loaded mto registers 1 and 2 
respectively at program steps 02 
and 04 Let s look at the rectangle 
problem first 

1 Program step 08 the 
accumulator is loaded with our 
mput. either 1 or 2 At lhis time 
we will seiect t and it is loaded 
mto the accumulator 

2 Program step 09 instructs the 
computer to branch to program 
step 13 it the accumulator (which 
contams 01) equals the contents 
of register 1 (which is 01) 

3 Program step 13 and 14 
•nstruct the computer to go to 
step 66, which contains the 
multiply routine In order to tind 
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the area of a rectangle. we 
multiply the base limes the 
height 

4 Program step 66 load 
accumulator from register 3 which 
contams the base (for 
example. 8) 

5 Program step 67 add register 3 
(which contains the vglue 8) to 
the accumulator (which contains 
the value 8) 

6 Program step 68 store 
accumulator (which contains sum 
of 8 + 8) in register 5 

7 Program step 69 load 
accumulator from register 4 
which contains the height (for 
example 3) 

8 Program step 70 decrement 
accumulator by 1 (Bemember in 
multiplying we must decrement 
the multipher by 1 each time we 
perform an addition operation 
until the multiplier equals 01) 

9 Program step 71 store 
accumulator (which is 2) in 
register 4 

10 Program step 72 and 73 
instructs the computer to branch 
to program step 77 if the 
accumulator Is equal to register 1 
(register 1 = 01) 

11 Program step 74. load 
accumulator from register 5 
register 5 = 16 

12 Program step 75 go to step 
67 Addition operations are 
repeated until accumulator is 
equal to register 1 (at program 
step 72 and 73) at which time the 
computer branches to step 77 

13 Program step 77 load 
accumulator from register 5 
register 5 = 24 (the answer) 

14 Program step 78, instructs the 
corrjputer to return to program 


step immediately following 
subroutine instruction That takes 
us to 

15 Program step 15 instructs the 
computer to unpack register 5 

16 Program step 16 and 17 
output the answer to the screen 

17 Program step 18 instrucis the 
computer to go to blanking 
routine at program step 58 

18 Program step 58 through 63 
instructs the computer to output 
blanks in order to erase old 
problem and answer 

19 Program step 64 instructs the 
computer to return to program 
step 00 in preparation for a new 
problem 

Now lets look at a triangle 
problem for example base = 6 
height = 2 Remember for a 
triangle you multiply the base 
times the height then divide the 
answer by 2 At program step 08 
we choose ‘2*. and 2 is loaded 
mto the accumulator Program 
step 09 and 10 do not apply so 
the computer steps to program 
step 11 

1 Program step 11 instructs the 
computer to branch to program 
step 20 for the triangle routine 

2 Program step 20, instructs the 
computer to branch to step 66 for 
the multiply routine 

3 Program step 66 through 75 
perform the addition operations 
and continue to loop until the 
accumulator equals register 1 
(01) Then the computer branches 
to step 77 

4 Program step 77 load 
accumulator with register 5 which 
holds the answer for B x H or 6 
x 2 = 12 We must now divide 
this answer by 2 to find the area 
of a triangle 


5 Program step 78. instructs the 
computer to return to the 
program step immediately 
following the subroutine from 
which It branched ohgtnally 

6 Program step 22, a pause is 
implemented 

7 Program step 23 store 
accumulator (which contains 12) 
in register 3 This now becomes 
the dividend 

8 Program step 24 and 25. load 
register 4 with 02 this becomes 
the divisor 

9 Program step 26 and 27. load 
register 7 with 00 This is the 
initialization operation since this 
register will hold the sum of the 
subtraction operations 

10 Program slep 28 load 
accumulator from register 4 
(which contains the divisor 2) 

11 Program step 29 subtract 
accumulator from register 3 
(which contains dividend 12) 

12 Program step 30. store the 
difference in register 3. register 3 
= 10 

13 Program slep 31. load 
accumulator from register 7. 
register 7 = 00 

14 Program step 32 add one to 
ihe accumulator Remember this 
is done to keep track of the 
number ol times we subtract the 
divisor from the dividend 

15 Program step 33 store sum in 
register 7. register 7 = 01 

16 Program step 34 load 
accumulator from register 3; 
register 3 = 10. dividend 

17 Program step 35 and 36. 
branch to step 54 if accumulator 
equals 00 

18 Program step 37. load 
accumulator from register 4 
register 4 = 2 divisor 
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19 Program step 38 and 39. 
branch to step 42 tf register 3 is 
less than the accumulator 

20 Program step 40 if the 
computer has not branched at 
this potnt to another step number. 
this Instruction loops the 
computer back to program step 
29, so that additional subtraction 
operations can be performed 

At program step 35 the 
computer affer compleiing the 


subtraction operations so that the 
accumulator and register 3 (the 
dividend) equal 00 branches to 
step 54* At program step 54. the 
accumulator is loaded from 
register 7 (which contains the 
number of times we subtracted. 
the answer) Program step 55 
then unpacks this answer and 
program steps 56 and 57 output 
the answer to the screen Blanks 
are output. since in this example 
there is no remainder. and at step 


64 the computer ts Instructed to 
return to program step 00 in 
preparation for a new problem 

‘Note: If there had been a 
remainder. the computer would 
have branched at program step 
38 to step 42 and when the 
answer unpacked and displayed 
on the screen. a * + R would also 
have been displayed 


Area Problems Using ‘Go to 
Subroutine' and ‘Return’ 


Step 

Opcode 

Mnemonics 

Operation 

Remarks 

00 

6B 0O 

LDV B 00 

R = NN 

Reg B = 00 
(Positionlng) 

02 

61 01 

LDV 1 01 

R = NN 

Area of rectangle - 

Select V 

04 

62 02 

LDV 202 

R *= NN 

Area of iriangle - 
Select ‘2’ 

06 

73 

INP 3 

lp — R 

Input 'B value 
(base) 

07 

74 

INP4 

lp — R 

Inpuf 'H - value 
fheight) 

08 

04 

INA 

lp — A 

Select 1 or 2 

09 

31 13 

BEQ 1 13 

(R = A) — PC = 

NN 

Go to rectangle 
routine 

11 

32 20 

BEQ2 20 

(R - A) — PC = 

Go to tnangle 




NN 

routine 

13 

14 66 

GTS66 

GTS — PC = NN 

Go to multiply 
subroutine 

15 

B5 

UNP 5 

Ah ~• Rl 

Reg 5 = Ah 




\ -R t 
+ 1 

Reg 6 = A l 

16 

C5 

OUT 5 

R — OUT 

Output Ist digit 

17 

C6 

OUT 6 

R — OUT 

Output 2nd digit 

18 

12 58 

GTO 58 

GTO — PC — NN 

Go to blanking 
routine 


63 



























CHAPTER 6 




Step 

Opcode 

Mnemonlcs 

Operation 

Remarks 

20 

14 

66 

GTS66 

GTS — PC = NN 

Go io mulnply 
subroutine 

22 

00 


NOP 

NO = 00 

No operation 
(pause) 

23 

A3 


ST03 

A — R 

Store Aecum in 

Reg 3 

24 

64 

02 

LDV4 02 

R - NN 

Load Reg 4 with 02 

26 

67 

00 

LDV7 00 

R = NN 

Load Reg.7 with 00 

28 

94 


LDA 4 

R — A 

Load Accum from 
Reg 4 

29 

D3 


SUB 3 

> 

II 

1 

> 

Sublract Accum 
from Reg 3 

30 

A3 


STO 3 

A — R 

Store difference in 
Reg 3 

31 

V 

97 


LDA 7 

R -* A 

Load Accum from 

Reg 7 

32 

03 


INC 

(A = A + 1) 

Add one to 
Accumulator 

33 

A7 


STO 7 

A — R 

Store sum in Reg 7 

34 

93 


LDA 3 

R — A 

Load Accum from 

Reg 3 

35 

13 

54 

BRZ54 

(A = 0) — PC = 
NN 

Branch to step 54 if 

A = 0 

37 

94 


LDA 4 

R — A 

Load Accum from 

Reg 4 

38 

53 

42 

BLS 3 42 

(R < A) — PC 
= NN 

Branch lo step 42 If 

R < A 

40 

12 

29 

QT0 29 

GTO — PC = NN 

Go to step 29 

42 

97 


LDA 7 

R —• A 

Load Accum frorr 

Reg 7 

43 

B8 


UNP 8 

A^ — R l 
\ — R u + 1 

Reg 8 = A H 

Reg 9 = A, 

44 

C8 


"oure 

R — OUT 

Output Ist digit 

45 

C9 


OUT 9 

R — OUT 

Output 2nd digit 

46 

6IE 

10 

LDV E 10 

R = NN 

Load Reg E with 

10 10 - | + .1 
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Step 

Opcode 

Mnemonics 

OperaMon 

Remarks 

48 

6 F 

13 

LDV F 13 

R = NN 

Load Reg F with 13. 
13 = IRI 

50 

CE 


OUTE 

R - OUT 

Output + 

51 

CF 


OUTF 

R - OUT 

Output R 

52 

12 

58 

GT0.58 

GTO — PC = NN 

Go to step 58 

54 

97 


LDA 7 

R — A 

Load Accum from 
Reg 7 

55 

B8 


UNP 8 

Ah —* Rl 

At — Ri + 1 

Reg 8 = A H 

Reg 9 = A t 

56 

C8 


OUT 8 

R — OUT 

Output 1 st digit 

57 

C9 


OUT 9 

R - OUT 

Output 2rid digit 

58 

6E 

0C 

LDV E 0C 

R = NN 

Load Reg E with 

0C 0C = blank 

60 

6F 

0C 

LDVF0C 

R = NN 

Load Reg F witn 

0C 0C = blank 

62 

CE 


OUTE 

R - OUT 

Output Blank 

63 

CF 


OUTF 

R — OUT 

Output blank 

64 

12 

00 

GTO00 

GTO — PC - NN 

Go to step 00 

66 

93 


LDA.3 

R — A 

Load Accum from 
Reg 3 

67 

E3 


ADD 3 

(A = R 4- A; 

Add Reg 3 to 
Accumulator 

68 

A5 


STO 5 

A — R 

Store Accum in 

Reg 5 

69 

94 


LDA 4 

R — A 

Load Accum from 
Reg 4 

70 

02 


DEC 

1 

< 

II 

< 

Decrement Accum 
by 1 

71 

A4 


STO 4 

A - R 

Store Accum in 

Reg 4 

72 

31 

77 

BEO 1 77 

(R = Al — PC = 
NN 

If Reg i = Accum 
branch to 77 

74 

95 


LDA 5 

R — A 

Load Accum trom 
Reg 5 
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Step 

Opcode 

Mnemonics 

Operation 

Remarks 

75 

12 67 

GT0 67 

GTO — PC = NN 

Go to step 67 

77 

95 

LDA 5 

R —* A 

Load Accum from 
Reg 5 

78 

07 

RET 

Ret — PC = NN 

Return to 

Subroutine 


One-Digit Addition Flash Card 


This program differs from the 
Flash Card program already 
programmed in Ihe Videopac in 
several ways First in this 
program. the old problem is 
erased automatically and a new 
problem is displayed on the 
screen Secondly and perhaps 
most important the reward for 
guessing the correct answer is 
greater with this program Just 
wail and see 1 

There are several new uses of 
instructions included in this 
program which we should discuss 
in delati 

1 Program step 00 and 01 load a 
blank into register A This wtll 
become the eraser which will 
cause the old problem to 
disappear from the screen 

2 Program step 02 through 09 
you should be familiar with these 
instructions 

3 Program step 10 the 
accumulator is loaded with a 
random number 

4 Program step 11. the random 
number is unpacked. 

5 Program step 12 and 13. sets 
the output position of register B 
at 00 

6 Program step 14 through 18. 
you should be familiar with these 


instructions Note that a 'No 
Operation' instruction was 
needed at program step 17 since 
we had programmed three output 
instructions in a row 

7 Program step 19. the 
accumulator is loaded from 
register 0 with one digit of the 
unpacked number 

8 Program step 20 the 
accumulator Is added to register 

1 which contains the second digit 
of the unpacked number 

9 Program step 21. the sum is 
stored in register 2 

10 Program step 22 through 26, 
you should be familiar with these 
operations 

11 Program step 27 outputs 
blank to screen This blank 
appears between the answer on 
the screen and ihe word NO If 
the answer happens to be wrong 

12 Program step 28 and 29. 
instructs the computer to branch 
to step 45 rf the correct answer is 
given 

13 Program step 45 through 61 
instructs the computer to buzz a 
melody (reward) At program step 
46 the computer is instructed to 
go to subroutine at program step 
70 

14 Program step 62 and 63 reset 
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regisler B to 00 

15. Program siep 64, instructs ihe 
computer to output a blank 
16 Program step 65. load 
accumulator from regisler B 
which now equals 01. smce a 
blank has been output 
(Remember. regisler B 
automatically Increments by 1 
each time there is an output 
instruction) 

17. Program step 66 and 67 if 
accumulator = 0. the computer 
branches to program step 10 and 
repeals the program by seiectmg 
a new random number 
18 Program step 68 and 69. if the 
accumulator is not equal to 00 
(remember n contains the 
conients ot regisler B), the 
computer returns to program 
step 64 and blanks are output and 
register B increments untii it 
feaches 0A (the furthest right 
positioni At this point regisler B 
rolls back to 00 The accumulator 
now equals 00 and the computer 
will branch to program step 10 

At program step 46 the computer 

One-Digit Additlon Flash Card 
(Guess Answers) 


was mstructed to go to 
subroutine at program step 70 
The subroutine is as follows 

1 Program step 70 and 71 
register 7 is loaded with 00 (this is 
used as a reterence potntj 

2 Program step 72 and 73. 
register E is loaded with 75 (this 
number was randomly chosen to 
cause a siight pause between the 
buzz soundsl. 

3 Program step 74 load 
accumulator from register E 

4 Program step 75. no operation 
(used as a siight pause) 

5 Program step 76. decrement 
accumulator by 1 (remember It 
contains 75) 

6 Program step 77 and 78 if 
accumulator is not equal to 
register 7 (00) the computer is 
instructed to branch to step 75 
and repeat decrementing, untii 
the accumulator equals 00 II is 
thrs repetition which causes the 
pauses between the buzz sounds 

7 Program step 79. instructs the 
computer to return to the next 
go to instruction (GTS) untii it 
steps to program step 62 and 


erases the problem At step 66. 
the computer returns to step 10 
and the program ts repeated with 
a new problem 

If the wrong answer is given the 
program progresses as follows 

1 AII steps are the same untii 
program step 28 is reached 

2 If at program step 28 the wrong 
answer is given, the computer 
steps to program step 30 and 31 
and NO is displayed on the 
screen next the wrong answer 

3 Program step 32 and 33 
register B is loaded with 04 
(positioned at 04) 

4 Program step 34 input first 
number of second guess 

5 Program step 35 through 40. 
outputs blanks erasing the old 
answer and the word NO 

6 Program step 41 and 42 sets 
register B at output position 05 

7 Program step 43 instructs the 
computer to branch to step 24 

8 Program step 24 input second 
number of second guess 

As an exercise for you, review the 
remaming program steps 


Step 

Opcode 

Mnemonics 

Operation 

Remarks 

00 

6A 

0C 

LDV A 0C 

R = NN 

Load a blank mto 

Reg A 

02 

68 

10 

LDV 8 10 

R = NN 

Load a + sign Into 
Reg 8 

04 

69 

2B 

LDV 9 2B 

z 

z 

II 

Load an = sign Into 
Reg 9 

0 

6C 

2D 

LDVC2D 

R = NN 

Load N into Reg C 

08 

6D 

17 

LDV D 17 

R = NN 

Load O into Reg D 

10 

08 


RND 

RND — A 

Load Accum with 
random number 

11 

B0 


UNP 0 

A M Rt 

A L — R L + 1 

Separate digits 


67 
















1 


< 



Step 

Opcode 

Mnemonics 

Operatiori 

Remarks 

12 

bB W 

LDVB00 

R = NN 

Set output position 

14 

C0 

OUT 0 

R — OUT 

Outpul first digit 

15 

C8 

OUT 8 

R — OUT 

Output + sign 

16 

C1 

OUT 1 

R — OUT 

Output second digit 

17 

00 

NOP 

NO = 00 

No operatiori 

18 

C9 

OUT 9 

R — OUT 

Output = stgn 

19 

90 

LDA 0 

R — A 

Load first digit 

20 

EI 

ADD 1 

lA = R +A) 

Add to second digit 

21 

A2 

STO 2 

A — R 

Store sum in Reg 2 

22 

73 

1NP3 

INP —• R 

Input first digit 

guess 

23 

C3 

OUT 3 

R — OUT 

Output first digit 
guess 

24 

74 

INP 4 

INP — R 

Input second digit 
guess 

25 

C4 

OUT 4 

R — OUT 

Output second digit 

guess 

26 

83 

PAK 3 

R L ->• 1 — A t 

Combine digits 

27 

CA 

OUT A 

R — OUT 

Output biank 

28 

32 45 

BEO 2 45 

(R = A| — PC = 
NN 

If correci guess 

Buzz 

30 

CC 

OUT C 

R - OUT 

Output N 

31 

CD 

OUT D 

R — OUT 

Output '0 

32 

6B 04 

LDVB04 

R = NN 

Set output position 
to 04 

34 

73 

INP 3 

INP — R 

Input first number 
of second guess 

35 

C3 

OUT 3 

R — OUT 

Output first number 

36 

CA 

OUT A 

R — OUT 

Output blank 

37 

CA 

OUT A 

R — OUT 

Output blank 

38 

00 

NOP 

No - 00 

No operation 
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68 12 64 

70 67 00 


Branch on Accum 
= 0 to step 10 
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Step Opcode Mnemonics Operatiori 


Remarks 


Please note that the tollowing 
program sheets are different from 
the program sheets used 
previously Up to this point the 
sample programs have been 
written step by step and 
explamed for you The followmg 
programs are written on shghtly 
different program sheets which 
contain several very useful tools 

Pirst note the addition of the 
label column This is an important 
and helpful tool when writmg 
your owri programs You will 
recall m some of the previous 
sample programs we encountered 
Go to and Branch to‘ 
msfructions These instructions 
generally referred to a program 
step later in the program If when 
first wnting a program, you must 
use one of these instructions you 
will have to complete the program 
before inserting the correct 
program step number This is 
where the Label column heips It 
allows you to Indicate a branching 
or locpmg mstruction when you 
write it so that you can later 
mserl the correct program step 
The sample program Message is 
a good exampie of how the 
Labelling column is used 


75 

00 

NOP 

No = 00 

No operation 

/6 

02 

DEC 

(A = A-t) 

Subtract 1 from 

Aecum 

77 

27 75 

BNE 7 75 

(R + A) ^ PC = 
NN 

Branch if Accum * 
to zero 

79 

07 

RET 

RET — PC = NN 

Return from 
subroutine 


The Commem column is used in 
ihe same way as the Remarks 
column in the earlier 
programming sheets 

The second difference in the two 
types of programming sheets is 
the addition of the Byte column 
This column keeps record of the 
number of bytes in each 
mstruction, so that when mitially 
writmg a program you will know 
that the program step must 
increment by 1 or 2 depending 
upon the number of bytes in each 
mstruction Remember that each 
program step can only contain 8 
bits of data or 1 byte but that an 
instruction may be 1 byte or 2 
bytes long 

The third and last difference in 
the two types of programming 
sheets is the addition o» the 
column marked Regisler Use 
This column will also prove very 
useful when initially writmg your 
program The contents of each 
register should be mdicated in 
this column as you load it with a 
value This prevents using the 
same register twice and also is 
helpful when reviewing an 
arithmetic program smce at a 
glance you can teli which register 
contains the divisor, dividend 
multiplier or multiplicand 


Let s now take a look at the last 
three sample programs 

Three Ways to Enter and Output a 
Letter 

These three sample programs are 
presented to Show you the three 
different Instructions which can 
be used to mput and output a 
•etter on the screen 

For the first exampie. we have 
chosen to mput and display the 
letter H or ID m hex code With 
this type of program whatever is 
loaded mto the register and is 
output to the screen will remain 
on the screen You cannot 
change it With this program you 
could enter a complete message 
and have it remain on the screen 

The second exampie uses the 
instructions. Input to a Register 
and Output from a Register but 
does not designate any particular 
value Thus, once the program is 
entered any value can be entered 
and it will be displayed on the 
screen 

The third exampie is similar to the 
second in that any value may be 
entered but it is input to the 
Accumulator rather than to a 
Register 
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Vou will note in ali three 
examples the last instructior) was 
Input to a Register which was 
used as a pause since no output 


instruction was mdicated thus 
only one keyboard depression 
couid be made As an exercis6 (oi 

you. usmg example two or three 


program the appropriate 
instruction sets in order to ceate 
■Hoopso that all It positions on 
,he screen may be used 


Three Ways to Enter and Output a Letter /r™ .h 

PUI a Le,tBr ' p or this example use H ) 

Label Mnemonlc Comment B yie s,p n r, 

Code Byte S,e P Reg. use 

* * Code 


1 Start LOV B 

LDV 0 ID load R e g 0 

_ ID = H 

QUTg Output Reg 0 = h 1 

lp — R (used as 

pause) 



05 71 







71 
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Vou wili nole m all three 
examples fhe last instructiori was 
'npot to a Register which was 
used as a pause since no output 


•nstruction was md.cated. thus 
only one keyboard depress.on 
could be made As an exercise for 
you. usmg example two or three 


program the appropnate 
•nstruction sets in order to create 
?.I'oop 50 !hat a " 11 Positions on 
the screen may be used 



Three Ways to Enter and Output a Letter 

puI 8 Le,ler <For th.s example use H ) 

Label Mnemonic Comment B yte St*n u 

“ * By,e Ste P Hex Reg. use 
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Six Letter Guess 

After bemg enlered this program 
aliows you to enler a stx leiter 
word imo the computer S»x dots 
appear on the screen and your 
opponent enters a letter If it is 
used in the word it appears on 
the screen in the correcl position 
If the letter does not appear in 
the word nothlng happens 

Leis look at some of the program 
steps in detail 

1 Program step 00 used as a flag 
or reference position 01 ts loaded 
Into register 7 01 was chosen 
rather than 00 because it can 
only mean the decimal number 1 
and nothing else 

2 Program step 04. 05 and 06, 
inout 1 st leiter into register 9. 
load a dot into register i output 
register 1 to screen This is an 
initialization process and steps 07 
through 27 are the same This is 
done so that the six does appear 
on the screen when the word is 
first input. Note the Register Use 
column 


3 Program step 28 through 37 
positions the computer to 00 
each time a guess is taken and 
outputs to the screen either the 
correct letter guessed or a dot 

4 Program step 38 and 39. 
instruet the computer to relurn to 
00 if accumulator = register 7 in 
preparation for a new word if the 
previous word has been guessed 
correctly (Note this Is a Flag or 
reference pomt) 

5 Program step 40. inputs a 
guess to accumulator; it is 
compared to register in program 
steps 41 through 52 

6 Program step 53 and 54 
instructs the computer to go to 
program step 71 if a letter in the 
word is missing 

7 Program step 71 and 72. loads 
register 8 with a dot 

8 Program step 73. loads the 
accumulator from register 8 

9. Program step 74 through 85. 
instructs the computer to branch 
to program step 28 If the register 
is equal to the accumulator (in 


other words. if the register stili 
remains a dot) 

10. Program step 86 and 87. loads 
register 7 with a 2B (= ) This is a 
Flag * 

11 Program step 88. loads me 
accumulator from register 7 

12 Program step 89 and 90. 
sound the buzz which indicates 
the word has been displayed 
correctly 

13 Program step 91 and 92. 
instruet the computer to go to 
step 28 for positioning 

14 Program step 28 through 37. 
displays word on screen 

15 Program step 38 and 39. 
instruet the computer to return to 
00 if accumulator = register 7 

16 Program step 00. loads 
register 7 with 01 and game 
continues 

*Note: The 2B or = sign was 
used as a flag in this instance. 
however. any sign could have 
been used instead 


Six Letter Guess Label Mnemonic Comment Byte Step Hex Reg. Use 

Code * #■ Code 


Reset 

LDV7 01 

R NN (flag) 

2 

00 

67 

01 

0- 

Stari 

Pos 

LDVBO0 

Positioning 

2 

02 

6B 

00 

1- Ist ■ 


INF 9 

Input Ist letter 

1 

i'14 

79 


2- 2nd ■ 


LDV 1 27 

Read Ist dot 

2 

05 

61 

27 

3- 3rd ■ 


OUT1 

ist dot on screen 

1 

07 

C1 


4- 4th ■ 


INP A 

Input 2nd letter 

1 

08 

7A 


5- 5th ■ 


LDV 2 27 

Read 2nd dot 

2 

09 

62 

27 

6 6th ■ 


OUT 2 

2nd dol on screen 

1 

11 

C2 


7-01 

(Mag) 


INP C 

Input 3rd letter 

1 

12 

7C 


8- 7th ■ 
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Label Mnemonic Comment 

Code 

Byte Step Hex 
* * Code 

Reg. Use 

BEO D 64 

2 

47 

30 

64 


BEQE67 

2 

49 

3E 

67 


BEO F 70 

2 

51 

3F 

70 


GT0 71 

- em ,- 


2 

53 

12 

71 


STO. 1 

Got Isi letier 

1 

55 

At 



GT043 

Check nexi posmon 2 

56 

12 

43 


STO 2 

Got 2nd letier 

1 

58 

A2 


0- 

GT0 45 

Check next position2 

59 

12 

45 

1- Ist ■ 

STO 3 

Got 3rd letter 

1 

61 

A3 


2- 2nd m 

GT0 47 

Check next position 2 

62 

12 

47 

3- 3rd ■ 

STO 4 

Got 4th letter 

1 

64 

A4 


4- 4th • 

GTO 49 

Check next position 2 

65 

12 

49 

5- 5th ■ 

STO 5 

Got 5th letter 

1 

67 

A5 


6- 6th ■ 

GTO 51 

Check next position 2 

68 

12 

51 

7- 01 
(tlag) 

ST06 

Got 6lh letter 

i 

70 

A6 


8- 7tb ■ 

Missing LDV 8 27 

Load Reg 8 with 
dot 

2 

71 

68 

27 

9- Ist 
letter 

LDA 8 

R — A A = dot 

1 

73 

98 


A- 2nd 
letter 

BEQ 1 28 

Posmon (step 28) 

2 

74 

31 

28 

B- 

Position 

BEQ 2 28 

Position (step 28) 

2 

76 

32 

28 

C- 3rd 
letter 

BEO 3 28 

Position (step 28) 

2 

78 

33 

28 

D- 4tb 
letter 

BEO 4 28 

Position (step 28) 

2 

80 

34 

28 

E 5th 
letter 

BEQ 5 28 

Position (step 28) 

2 

82 

35 

28 

F 6lh 
letter 

BEQ.6 28 

Posmon (step 28j 

2 

84 

36 

28 


LOV7 2B 

Set t lag to 

2 

86 

67 

2B 
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Labsl Mnemonic Commenl 
Code 


Byte Slep Hex R eg Use 

* * Code 



Message 

Afier bemg entered this program 
aliows you to press any number 
between 1 and 6 to caii 
programmed message to the 
screen In the program as it 
written we have programmed six 
messages After studying the 
program, you may wish to 
substitute your own messages 

Tn,s program provides a good 
exampie of the use of the Label 
column You will note the first 
step. 00 and 01. is load a value 
into register 0 and the value is 90 
You will note that program step 
90 is the No Operation 
mstruction after the last message 
and that program steps 9t 
ihrough 96 are a relocation table 
rhe hex code at each of these 
program steps is the first 
program step number of each of 
the messages It i$ this first 
mstruction load a value into 
register 0 and the value ts 90 
which allows you to select any 
number between 1 and 6 to call a 
message to the screen Let s look 
•it a few of the other instructions 
m the program. 

1 Program step 02 and 03. load 
register 1 with 0C (blank). This 
blank will be used in messages 
which have more than one word 

2 Program step 04 mput to the 


accumulator, you may select 1 2 
3 4, 5 6. and whichever you 
choose will be mput to the 
accumulator 

3 Program step 05. add register 0 
to accumulator In other words. if 
we had chosen number 2. the 
contents of register 0 (which are 
90) are added to the accumulator 
(which ts 2), thus 92 is now in the 
accumulator 

4 Program step 06 store 
accumulator in register C. 
register C now equals 92 

3 Program step 07. register C 
moves the program counter to 
program step 92. and the 
contents at program step 92 
(which are 36) are loaded into the 
accumulator This is the Move 
mstruction or Load accumulator 
from a program step You will 
remember that register C is 
always used with this mstruction 
(Refer to Chapter 4 Load 
accumulator from program step 
for further informationi 

6 Program step 08. store 
accumulator (36) in register C, C 
now equals 36 

7 Program step 09 and 10. load 
register B (positioning) with the 
value 00 (the furthest left 
position) 

8 Program step 11 and 12, load 
register 2 with the number 11 (the 
number of positions on the 


screen) which is hex code 28 
9 Program step 13 and 14 load 
register 3 with 00 t 0 be used as a 
reference 

1° pr ogram step 15 load the 
accumulator from register 1 
register 1 equals a blank This 
begms the loop which erases an 
old message from the screen in 
preparation for a new message 
'lou will note program steps 15 
through 21 load the accumulator 
with a blank output the blank 
•oad the accumulator from 
register 2 (2B or 11 ) decremem 
me accumulator by 1. store the 
resuit In register 2. and the 
computer branches to step 15 it 
the accumulator is not equal to 

register 3 (00). Remember when 

erasing each of the 11 positions 
must be filled with a blank 

11 Program step 22 and 23. loads 
register B with 00 (furthest left 
position) This is used to position 
register B in preparation for a 
new message 

12 Program step 24, takes the 
contents of register C (36) 
moves to that program step (36) 
and loads the contents at that 
program step (14) into the 
accumulator 

13. Program step 25 and 26. if the 
accumulator equals 00 ai this 
point. the computer would branch 
to program step 04 and prepare 
itself for a new message If the 
accumulator contains a value (as 
m this exampie, it contains 14 ) 
then the computer steps to 
program step 27 
14 Program step 27 output the 
contents of the accumulator to 
the screen. a T appears (Refer 
to your chart of hex codes Fiaure 
12 )- 


75 



















15 Program step 28 and 29. 
instruet the computer to go to 
step 24 and loop through the 
previous instructions to display 
message* When the message is 
completed (note at the end of 
each message there is a no 
operation in9truction, 00) and the 
computer steps to program step 


Message 


25 the accumulator will be equai 
to register 3 (00). and the 
computer will branch to program 
step 64 in preparation for a new 
message 

This completes the sample 
programs we have prepared for 
you in the appendix you will find 
blank program sheets to use 
when writing your own program 


* Note: When repeating the loop 
at program step 24 the contents 
of register C remain the same 
(36) however the program 
counter increments by one each 
time so that the appropoaie 
program step is reached 


Label Mnemonic Comment Byte Step Hex Reg. Use 


Code 



# 

Code 


Stari LDV 0 90 

Location table 

2 

00 

60 

90 

0- 90 

LDV t 0C 


2 

IS 

61 

m 

1- 0C 
(blank) 

Re- INA 

start 

Press 1.2.3.4,5 or 6 

1 

04 

04 


2- 0B 
(11) 

ADDO 

(A « R + A) 

1 

05 

E0 


3- 00 

STOC 

A — Reg C 

1 

06 

AC 


4- 

MOV 

Rc — PC —* A 

1 

07 

09 


5* 

STOC 

A — Reg C 

1 

08 

AC 


6- 

BlanksLDV B 00 

R = NN 
(positiomng) 

2 

09 

6B 

00 

7- 

LDV 2 0B 

R = NN 

2 

11 

62 

11 

8- 

LDV 3 00 

R c NN 

2 

13 

63 

00 

9- 

Loop 1LDA 1 

R — A 

1 

15 

91 


A 

OTA 

A — OUT 

1 

16 

0B 


B- 

LDA 2 

R — A 

1 

17 

92 


C- 

DEC 

|A = A - 1) 

1 

18 

02 


D- 

STO 2 

A — R 

1 

19 

A2 


E- 

BNE 3.15 

Loop 1 

2 

. 1 

23 

15 

F- 

Out- LDV BOO 
put 

R - NN (positiomng) 2 

22 

6B 

00 


Loop 2MOV 

Rc — PC — A 

1 

24 

09 
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t-- 

LabeJ Mnemonic Comment Byte Step Hex Reg. Use 

Code 4 4 Code 



BEQ3 04 

Restart 

2 

25 

33 

04 



OTA 

A — OUT 

1 

27 

0B 




GTO 24 

Loop 2 

2 

28 

12 

24 


Mess 

1 

e 

Output H 

1 

30 

10 





Ouipul E 

1 

31 

12 





Output L 

1 

32 

06 





Output L 

t 

33 

0E 





Output 0 

1 

34 

17 





End Mess 1 

1 

35 

00 



Mess 

2 


Output T 

1 

36 

14 





Output A 

i 

37 

20 





Output K 

1 

38 

1F 





Outpui E' 

1 

39 

12 





Bfank 

1 

40 

0C 





Output A 

1 

41 

20 





Btank 

1 

42 

0C 





Output L 

t 

43 

0E 





Output 0 

1 

44 

17 





Output 0 

1 

45 

17 





Output K 

1 

46 

1F 





End Mess 2 

1 

47 

00 



Mess 

3 


Output R 

1 

48 

13 





Output E 

1 

49 

12 


0- 90 



Output M 

1 

50 

26 


1- 0C 
tblankl 



Output A 

i 

51 

20 


2 0B 








(11) 



Output R 

1 

52 

13 


3 00 



Output ‘K 

i 

53 

1F 


4- 




‘When entering single letters and 
numbers the hex code oriiy ts used. 
since there is no mnenomc code 
for them 


77 














































































Label 

Mnemonlc Comment 


Byte Step Hex 

Reg. Use 


Code 


* # 

Code 


Output A 

1 

54 

20 

5- 


Output B 

1 

55 

25 

6- 


Output L 

1 

56 

0E 

7- 


Output E 

t 

57 

12 

8- 


Eno Mess 3 

1 

58 

00 

9- 

Mess 

Output 'N 

1 

59 

20 

A- 

4 




• 



Output E 

1 

60 

12 

B 


Output W 

1 

61 

11 

C- 


Blank 

1 

62 

0C 

0- 


Output F 

1 

63 

1B 

E- 


Output '0' 

1 

64 

17 

F- 


Output R 

1 

65 

13 


■ 

Blank 

1 

66 

OC 



Output 7' 

1 

67 

07 



Output 8 

1 

68 

08 



End Mess 4 

1 

69 

00 


Mess 

5 

Output 0' 

1 

70 

18 



Output U 

1 

71 

15 



Output E 

1 

72 

12 



Output S 

1 

73 

19 



Output T 

1 

74 

14 



Output 1 

1 

75 

16 



Output O* 

1 

76 

17 



Output N' 

1 

77 

20 



Output S' 

1 

78 

19 



Output 7 

1 

79 

0D 



End Mess 5 

1 

80 

00 


Mess 

6 

Output C 

1 

81 

23 



78 


I 























































































XICINilcItlY 


W W 


Table of Powers of Two 2 n 

1 

2 

4 

8 




16 



32 



64 



128 



256 



512 


1 

024 


2 

048 


4 

096 


8 

192 


16 

384 


32 

768 


65 

536 


131 

072 


262 

144 


524 

288 

1 

048 

576 

2 

097 

152 

4 

194 

304 

8 

388 

608 

16 

777 

216 

33 

554 

432 

67 

108 

844 

134 

217 

728 

268 

435 

456 

536 

870 

912 

073 

741 

824 

147 

483 

648 


n 

2-" 









0 

1 0 









1 

05 









2 

0 25 









3 

0 125 









4 

0 062 

5 








5 

0031 

25 








6 

0015 

625 








7 

0 007 

812 5 








8 

0 003 

906 25 








9 

0 001 

953 125 



• 





10 

0000 

976 562 

5 







11 

0 000 

488 281 

25 







12 

0 000 

244 140 

625 







13 

0000 

122 070 

312 

5 






14 

0 000 

061 035 

156 

25 






15 

0000 

030 517 

578 

125 






16 

0 000 

015 258 

789 

062 

5 





17 

0000 

007 629 

394 

531 

25 





18 

0000 

003 814 

697 

265 

625 





19 

0.000 

001 907 

348 

632 

012 

5 




20 

0000 

000 953 

674 

316 

406 

25 




21 

0000 

000 476 

837 

158 

203 

125 




22 

0 000 

000 238 

418 

579 

101 

562 

5 



23 

0000 

000 119 

209 

289 

550 

781 

25 



24 

0 000 

000 059 

604 

644 

77 5 

390 

625 



25 

0.000 

000 029 

802 

322 

387 

695 

312 

5 


26 

0 000 

000 014 

901 

161 

193 

847 

656 

25 


27 

0 000 

000 007 

450 

580 

596 

923 

828 

125 


28 

0000 

000 003 

725 

290 

298 

461 

914 

062 

5 

29 

0000 

000 001 

862 

645 

149 

230 

957 

031 

25 

30 

0 000 

000 000 

931 

322 

574 

615 

478 

515 

625 

31 

0 000 

000 000 

465 

661 

287 

307 

739 

257 

812 5 
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Keycodes Hex Codes. and Decimal 
Equivalents 


Instruction Sets 


K ev Hexcode Decimal 


Key Hexcode Decimal 

0 

00 

00 


O 

17 

23 

1 

01 

01 


P 

OF 

16 

2 

02 

02 


Q 

18 

24 

3 

03 

03 


R 

13 

19 

4 

04 

04 


S 

19 

25 

5 

05 

05 


T 

14 

20 

6 

06 

06 


U 

15 

21 

7 

07 

07 


V 

24 

36 

8 

08 

08 


w 

11 

17 

9 

09 

09 


X 

22 

34 

A 

20 

32 


Y 

2C 

44 

B 

25 

37 


z 

21 

32 

C 

23 

35 


Blank 

OC 

12 

D 

IA 

26 



OA 

10 

E 

12 

18 


$ 

OB 

11 

F 

1B 

27 


Cle8r 

2E 

46 

G 

1C 

28 


? 

OD 

13 

H 

ID 

29 



27 

39 

I 

16 

22 


-t- 

10 

16 

J 

1E 

30 


— 

28 

40 

K 

1F 

31 


X 

29 

41 

L 

OE 

14 


T 

2A 

42 

M 

26 

38 


33 

2B 

43 

N 

2D 

45 


Enter 

2F 

47 

Descriptlon 

Mnemonlc 

Op 

Operation 

No. of 

Remarks 




Code 


Bytes 


Input 

Input to 


INPR 

7R 

Ip — R 

1 

1 key depresston 

Register 






only 

Input to 


INA 

04 

Ip — A 

1 

1 key depression 

Accumulator 





only 

Output 







Output from 

OUTR 

CR 

R — OUT 

1 

Reg B sels 

Register 
Output from 

OTA 

0B 

A - OUT 

1 

position 
of output to 

Accumulator 





screen 

One second 

S1G 

05 

BUZ = 1 

1 


Buzz 







Chanae 

Accumulator contenta Mathematics 



Set to 0 


CLR 

01 

|A = 0) 

1 

Accum = Hex 00 

Subtract 1 

DEC 

02 

(A = A- 

1) 1 

Decrement by 1 
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Description 

Add 1 
Load with 
Random No 
Load from 
Storage 


Mnemonic Op 
Code 


INC 

RND 

MOV 


03 

08 

09 


Combine 2 
digits 

PAK R 

8R 

”* a m 1 

R, -t- 1 — A, 

Separate 2 
digits 

UNPR 

BR 

A w —• R t 1 

Aj -* R t + t 

Load from 
Register 

LDA R 

9R 

R — A i 

Subtract Iram 
Rea 

SUB R 

DR 

(A = R - A) 1 

Add Register ADD R 

Change Register Contents 

ER 

(A = R 4 A| 1 

Store 

Accumulator 

STOR 

AR 

A —* R i 

Load a Vaiue LDV R NN 

Control Execution order 

6RNN 

R = NN 2 

No Operation 

NOP 

00 

NO = 00 i 
HLT = FF i 

Hali 

HLT 

FF 

Go to 
Subrout<ne 

GTSNN 

14NN 

GTS — PC 2 
= NN 

RET —► PC = 1 

Reiurn from 

RET 

07 


Operation No. of Remarks 
Bytes 

(A - A-MJ 1 Increment by 1 

RND - A i 

"c — PC — i Reg C points lo 
step * where 

data is stored 

That data will thei 
be moved to 
accumulator 


order bit 
Af, = Accum 
high order bit 
Note JfR, = 
Reg 4 

then R, + i s 
Reg 5 


NN 


NN 


Branchlng Declsion 

Branch on BDB NN 

Decimat Borrow 
Branch on BDC.NN 

Decimal Carry 
Branch GTO NN 

Unconditionally 


10NN 
11NN 
12NN 


= 9) — 2 
PC = NN 
(Ah * 01 — 2 
PC = NN 
GTO —- PC 2 
= NN 


NN - 00 through 
99 

R = 0-9 A-F 

PC = Program 
Counter 
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Descriptiori Mnemonic Op 

Code 


Operation No. of Remarks 
Bytes 


Branch (f BRZ NN 

Accumulator is 
0 

Branch ii Reg BNE R NN 
* Accumulator 
Branch if Reg BEO R NN 
= Accumulator 
Branch if Reg BGT R NN 
> Accumulator 
Branch if Reg BLS R NN 
< Accumulator 


t3NN 


2RNN 


3RNN 


4RNN 


5RNN 


(A = 0| — 
PC = NN 

(R * A) —«• 
PC = NN 
|R = A) — 
PC = NN 
(R > A) — 
PC = NN 
(R < A) —» 
PC = NN 


2 The prograrn 
counter points to 
the step number 

2 


0123456789 :* 


®9 QA 


- ?trP + WERTUI 

OQSDFGHJKflZ 

XCUBH.-Xt = VN 


26 27 28 


2 A 2B 2C 


VN 


/■10 





3' 32 33 34 35 36 
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XICtKElcIclV 




■STEP»PF>.1UST 
BE (NSERTED IN 

thepwogram 

‘DiSPl.AV C1.EAR 
MODE 

pstan a > 
wroinTfiR 
*•» ZXBlAr 
♦«tuurr» 

rtHURA> 

«WWUaj 'XXKrr.r, 
a.WCV.lmff 

couttrot 
unww 
«XUMULAIOR 


RESET 



L 



INPV.FT 

MODE | 

ASSELLER 


MACHINk I 

LANGIJAGE 

LANGUAGE 1 

INPUT 



INPUT 

r “jr 





i_Z_J 
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